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1 2 

GENETIC INHIBITION BY Sums difficult it* with am iseose -based approaches 

DOUBLE-STRANDED RNA relate m Jc livery, stability, and dnac requirements, la 

general, cclb do am have is uptake mcctoaaam Cur siogle- 

RELATED APPLICATION Mrandcd nucleic acids, hmn uptake of nnreortifted singln* 

S «r*oded material is extremely iocfficwajJ. Whtk waiting for 

This appficatkm cistaaa the benefit of U.S. Provisional uptake into cells, the singaa -stranded material is subject 10 

Appta. No. 6U/06&562. filed Dec. 23. 1997. ^gi degradation. Because aotiacoae interference requires that tbs 

/vxtnrDuucuT DirArrc interfaring match aJ accumulate at a relatively high cooceo- 

govern MtTfT RIOHT5 iratine (at Of above the concentration of endogenous 

Thai invention was nude with VS covermnenl support to mWN th * * moul * ******** 10 delivcred » • 

under grant number. GM-3TX*. GM07I64. IIDOJ769 ^^J" 00 ^ * CO, ?^^ m ^i5 B cffo ^ 

andGM-OTMl awarded by ibe National Institutes nftlealth. ^SSS'S nvSrS ISS^Sw^ 

The U S. nnvesnmeni ban certain nsfats in the invention. production of modified nucleic scads Out art both Stable to 

eer»» ngws » »oe nuo °' nuclease digestion sod able to diffuse readily into cells. 'Tbs 

BACKGROUND OF THE INVENTION «**» °* sotiseoss imerferexw forgets* 'berapy nr other 

l > whoec-orgaaun applications has bees tunned by the largn 

I. raced of (fas Invention ■mounts of oUgooucbsntidB ibai need to be symbeoanad from 

The present uiveadias mlssastngem-Apevulc ittbtbitauoof noo-nararsl analogs, tbs cost nf sacb synthesis, and ibe 

gene expression by double -atranded ribonucleic *cid ibfBcully even with high dnsuorinatnttining nsofficientry 

(dsRNA). conccrdratnd and uniform pool of interfering material in 

i Oescription of the Related All 20 utdt 

Targeted inluouion of gene expression ban been a long- Tripfc-Hclis Approaches an Engineer Interference 

felt need in biotechnology snd genetic engineering. , . . . m 

Almouoh a major mvesusent of effort has been made to A second, propo sed method for engineered interference is 

acnkvnthni leoU a mom comprehensive solutioo to this bucd 00 1 ,ri P te belical nucleic acid structure. This 

problem was still nee ded . 23 a PP">acb relies on the ram ability of certain nucleic acid 

piiptdanons an adopt a triple -atranded structure. Under 



techniques have been used to 



cspresskm of selected phy«***«l < 2* w virtually all 

™ Ah^k r^^w!™!™;,. iow37~ single- or douUc-atrsndBd. and rarely if ever form u^le- 

inolI**e««*^^ v** 0 ** strncreres, It has been known for some tune, 

mutagene^s »ml «CTeening P™V*m am limited to organ- however, that certain simple purine- or pyrimidine^icb 

isms in which genetic manipulation is well established (c.g^ 30 , fm ' ~~ia , JLm* vT_ . _t 1 _ il. 

the existence of lelcctsb*. markers, the abiUty to control ^S^^^t^SnL^^UO^t T^TS^lx 

..^.i*. .arrets ~vu*i r^^inflV ;«t u«. under «**■■» eeoditouns of nH (in., id a test w be). Such 



srxuemres are generally very transient under physiologies! 
cjondrtimn, so that simple delivery of unmodified nucleic 



genetic aggregation and sexual reproduction), and are lim- 
ited to applications in which a Urge number of celts or 

organisms can be sacrificed to isolate the desired mutation, : , amAae^ lrioW . «i"r»nd , .a,,.. __ t 

Even under these circumstances, classical genetic tech- 15 !TTT .wlj^Tl," V-7kit ■ vi.T^L.^ TrL TT^_i_ 

is nf importance an understsnd what effects the loss of a Cb-Supprcaaeno Phenomena and Their Use in 

specific gene product (or products) will have on the behavior Genetic Engineering 



n f i^g_ceiXorjggaeism Other applicati o ns are engineering 
© e> 0 hliWf^ e^pS>«^cs in which ia important t^mdsce 45 A third approach to gene*speciflc intcrterence is a set of 
a population of cells or organisms in which s speciHc gens opcretaonsl procedures grouped under the same -co- 



product (or products) has been reduced or removed. A ^ceass>n*\ Tbia approach was flm described in pUnts .ad 

further clans of applications in therapeutically based in wl f*» g sbOUy nf transgws in cause sUencing of an 

which it would be valuable for a functioning organism (« g^ unlinked bm hpnyjlogons gene. More recemly. phenomena 

a human) 10 reduce or remove the amount of a specified seoe <° semis' »o co^ptxessioo bave been reported in two animals: 

prodnct (or productaV Another dass nf applications provides £• €,e *?? acd 0 rose phi la. Co -suppression was first 

1 disease model in which a physiological function in a living «bserved by accident, wnh feporaa coming firom groups 

organism is genetically manipulated to reduce nr remove a tt ** a B ! ra 1 ra « eoe * " sttempts to achieve ovcr-cepreaston of a 

specific gene product (or prodecta) wit boa 1 making a per- potentially useful ■«*. *■ "nnv* cases the over^apressioci 

maoent citange in the oigioism'e genome. 53 ^ «u™sful while in many others, the result was oppo- 

ln the leat few years, advances in nucleic acid chemistry ^^SS^^^^S^^ 22!^ 

and gene transfer have inspired new approaches to engineeV tSSLS?. SSTT fj^l^S^FT m 

^ ?,:^n. m osS« 

approacnes are unenncn neit i». mechanisik proposab remain hypothetical, and no definitive 

Use nf Antiscnse Nucleic Acids to Engineer *° "iftrhanistir description nf the process has been presented. 

Interference The model* that have, been proposed to explain 

be placed in two different c 



co-5uppreajuon can he placed in two different categories. In 
Annsense technology has been the most commonly one set of proposals, a direct physical interaction it the 
oWribed approach in pmtucols 10 achieve gene-specific DNA- or chxumauo-lcvcl between iwii differem chrorno- 
inierference. Pnr anttsense suatea^as« stochiooxtric amourtta «J soma I sites has been faypoihesined to occur; ao as -yet - 
of aina^'Siranded nucleic scad complementary us the mcs- unidentified mechanism would then lead to de novo methy- 
t RNA for the gene of interest arc introduced into ibe latino and subseanjcnl suppress un of gens expression. 



US 6*506.559 BI 



Alternatively, arena have postulated an RNA inter mediate, 
^yrrthc.vred al ih* trsnagcne hocus, which might then act to 
produce interference with the endogenous gcoc. The ebar- 
•ci malice of the interfering RNA, as well as the nature of (be 



r x 



act of experiments with RNA 

support for the possibility of RNA unennedUtcs in the 
interference process. In these experiments, a replicating 
RNA vires a modified to include ■ segment from a gene of 

interest Thia modified vires is then tested for its ability to m rjf 

ugfat for delete 



/C\ inte rfere with expressing. of the codngenons 

V*/^ ~-7eMJlB Witt IB JtfcJuW^ve been encourae 
(T\ . ibe properties of the viral RNA 35 are re~ 




gene expression. Vlrel-mediitcd cn-evppressioe in plants 
appears to he quia; effective, hot has a number of d/a whacks, 
First. * is out dear what aspects of ibo viral structure are 
critical for the observed uaterfcrence. Eeicostoo to another 
system would require discovery of a virus in that system 
which would have these properties, and such a Iferary of 
useful viral agents are not available for many organisms 
Sccood. the use of a leplicatmg virus witfabi an organism to 
effect genetic changes (e.g.. long- or abort-term 
therapy) requires crmsidcrabry more monitoring and m 

effects than the use of a dcflncd^Scaei" 



case, would he limited to plants which are hosts of the plant 



acid as in the present 

The present invention avoids the disadvantages of the 
previously -described methods for genetic interference. Sev- 
eral advamages of the present invention are rtfenisard below. 



SUMMARY OF THE INVENTION 



A process is provided 
genu in a cell. The 
with partial or fully' 




(hat a nucleotide aecaaeuns from a por tion, of the target gene /C2\ r 1 
te choaea to produce inhibitory RNA^W dVlaaa TferSaTxS/ L 



(1) effective in producing inmbitkm of gene 
espresasao, < 2) specinc to the targeted gene, and (3) general 
to allowing aoltmiuon of many different types of target g ene. 
The target gene may be a nana etovaed from ma e«Uf~ 
gensf a uunai -tt— ... 





2- 



The present iovcotioo differs bom 
interference in both approach and effective □ 
mediated genetic interference methods have a major chal- 
lenge: delivery to the cell interior of specific singie-straoded 
nucleic acid mo l ecu l es at a concentration that ia equal to or 
greater than the concent ratioo of codog e no u a mRNA. 
r>auhie stranded RNA-mediatcd inhibition has advantages 
both in the stability of the material to be delivered and the 
cucAxalraiiua required Car effective inhibition. Below, wc 
disc l ose Uui m the model organiacn C rargtuis, the present 
invention ia at least 100-fbld more effective than aa emuva- 
lent antbense approach <U, daRNA is at least 100-fold _ . 
more effective than the injection of purified atmsenae RNA * prC *?? 1 ■ tb> 

— .1— * rtw— the particular target gsno 
«i»e RNA materul delivered, I 

or complete loss of function Cor tba target gene. A rcdectkai 
or lues of gene e a y t ee ej na in at least 99% of targeted cclle 
basbcen shown. Lower doeeeof injected manuial and Icuurer 

otAccllmulI^^ rt?) I 2 

present irrrentaon. Tnpic-alrand atrucrurea occur rarely, if at «o protein. ^ >jf 

all. under pbyaaplogical ccodhiooa and are limited to very The RNA may coosprae one or more atraoda ofpnTymci^^' 2 

iaed raxirmdcotide; it may incfede inodincaaiorts to cither 
the phoaphate-sugar bacichoae or the nucleoside. The 
doubk^uranded structure may be frjrraed by a single aejfe 
comple mentary RNA strand or/tu" " <>: ~ 
»uanda,"RNA Spats SnSwSaT 



osac seqvcooc with long runs of punoca and pyrv> 
By cocuraat. dsatNA-mediaaed inhibition occurs 
efficiently under physiological condinooe, and occurs with a 

rhs prase re jatgatton pxuatateat used toB^ BA flfcaapreseioo of 

I mutations 



e procedure may provide partial 
s tor the targe 



Tripfe-tielis Approaches 



The limited data no triple atrand formation i 
as rnvoNcrruwt of a stable triptc-etrsod in termed iaxe Tn the 





mrsli al r d by a triple-strand structure 



Distinction Between Present lovendon and Co- 
Suppresaioo Approaches 

The trenagcne-rnediaied genetic interference phenom- 
enon called cu^urppnaauoo may include a wide variety of 
different processes From the viewpoint of application to 
other types of organiwns, the co-aupprcssiba phenomenon in 
plants ia difficult to extend. A confounding aspect in creating 
a general technique based on co^uppresaioo b that some 
uansgeocs in plants lead to suppression of the endogenous 1 
locus and some do not. Result* ia C. eaVgens and Drosophila 
indicate that certain transgcocs can cause interference <ix.. 
a quantitative decrease ia the activity of the currcapoodiog 
endogenous locus) but that most tranagencs ito not produce 
uxch an effect. The Uck of a predict able effect ia plants. < 
nematodes, and iosecta greatly limits the use fulness of 
simply adding tranagencs to the | 



Higher doscs4f doubk^ancU materist may ykld nana?® « 
effective inherit km. Inrobition is iwqucm-furecirW in that 
nucleotide sequences cxmesponding to the duplex region of 
the RNA are targeted for genetic inhibition. RNA containing 
. ^ . agqugppe, ulcotial to a portion of the tan 
UNA 5i 



ths target sequence have also been foand to be effective hr^-. - 
inhibition. Thus, sequence identi ty. rosy optimized by ali en- (?J/aV J 
meat ilgorithma known in the anjncTcafctG^^g^^S \-Z 
difference between (be nucleotide seque out s^Qtenutivc]* fXy J" a 



percent'* 

- -SJJvsTy^" 

the duplex region of the RNA may be defined functionally 
aa a oudeotkSe sequence that is capable of hybridizing with — 
a portion of the target gene transcript^ Q 5yaC Z 

Ibe cell with the tareet acne mav he derrred r n <m 



The cell with the target gene may he deriv ed from or ' 
contatDcd ia any organism (e g, plant, snima L (niotosua n. 
virus, bavtcriunu orllutiini s-UINA may be symheaotcd either 
in vivo or ia vitro. Endogenous RNA polymerase of the ceil 



! transcription in vivo, or cloned RNA poly- 
merase can be used far tranacription in vivo or in vitro. For 
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»<g> ra(g) max 



from a transgene 

a regulatory redonjjia 

strand (or brands). 

be direct] 



v ivo or *n 



ly introduced into the ocll (in.. 
" cxtreccllu tarty into ■ cavity. 



■ptrvoctluUrhr); or introduced cxtracclli 
t t%h tntcrai mai space, into I ofr cirvuUJioa of 

duccd orally, ur may R introduced by bathing an 
in a so lot too conuuang RNA, Methods for oral introduction 
.mchida direct mixing of RNA with food of the organism, as 
V>y wcQ as engineered approaches is which a species that is uacd 



RNA"°V Panel C. Embryo from a pa rem injected wits 
purified max OB antixense RNA. These cmhryrta aod the 
parent animals rctaie the mcx-3 mANA. although kveb may 
have been somewhat lea* lhao wild type. Panel f> Embryo 
from a parent injected with dsRNAc 



30; no toe a -3 RNA wee 

atcty SOftm in length. 



HO. 4 shew* inhibitory ~**Hto<>r «« sa , fnrjrito* a ^ 
of structure and oanccntraaineTTbe main graph indxeaaes **^Jr ■* 



as food is engineered tu express an RNA, then fed to the 
he affected] P 



timanevntn 
Secteg 85 



iraccllular injection; 



Physical method* of 

elii 



fractions in each behavioral class. Embryoa ie the uterus and 
already cov er e d with an eggshell at th 
were ore affected and. thus, am not inciodccsprogcny c 



RNA 

tnffauonol *WAIUWW||"^U Banned, the stability of 
double Httfaoded RNA, and the cScctivencas of the inlnbi- 
I too, The abifiiy la use a lew exxaccatrstioa of a naturally* 
oontfriot gockk acjd avo id* several disadvantage* of ano> 
" ' ' ' * * " 'mm vitro 




of 



il'ICS. 3A-C show examples of genetic tnhfeuaoo follow 6*3 
I ingestion by C W^aavo of daRNAa from cxpreaaiog 
bacteria. Panel A General strategy tor prodaction of daRNA 



axe or to specific acenicnce composition*, as 
baaed on triple -strand formation. And unlike 
inte rference. tripte-Mrand interference, aod ooHmpprese-on, 
_ inventioo docs not suffer from being limited to a 
particular set of target genes, a particular portion of the 

articular transgene 



by dotting a segment of intcreat between flanking copies of 
the b a ct er iophage T7 promo far and uanscribing both acrande 
of the segmem by trausfecting a bacterial strain (BL21/DE3) 
* expressing the T7 polymerase gene from an inducible 
(Lac) promoter. Panel B: 



< anj ^w,rww< h i Y^cyrnsahave 

obstacle to designmg general strategies ace 



prior an for inhibiting gene e: 



of a uneet gene of 



j genetic manipulation becomes posaable io 
organism* thai arc not classical genetic mode la. Breeding 
and screcctxeg progranxa may be accelerated by the ability to 
rapidly away the consequences of a specific. Urge lad gen* 
disraption. dene disrupt iocm may he used to discover the 
function of the target gene, to produce disease mode la in 
which the target gcao are involved in causing or preventing 
al to produce organisms wuh 



» tiraia. PD4251 (see FIO. 
Panel C: PD4291 
expressing dsRNA 
to me gfp. * 
«aa of — 



A tJKP-exprtuuwog C 
J), fed on a native bacterial boat, 
reared on a diet of bacteria 
to lbs coding region for 



DETAILED DESCRIPTION OF THE 
INVENTION 



i be present invention provides a me thud 
«« oue oce -specific inhibition of gene < 
-V~frfrn^«tod RNAfdsJWAV 
for mhibtting expression os a una 

of RNA with 




* wit h partial or fully f m ^ _ _ 
double •stmeded character into the oeti* 1 loli»l-»l««*» «J 17 A 



CI 



t 2 




BRIEF DESCRIPTION OF IHE DRAWINGS 

f 03! i shns^lhe) genua used to study RNA-m«diated 
gcneiie irdaJfauiucr io C. etegum. Iitmo-oion siructure for 
genca eaed to teal RNA -mediated inhibition am shown 
(axons: tilled boxes; introna: opeo boxes; 5* and 3* untrane- 
regiona: shaded; unc-22f, unc-M 43 . frm l l \ and blb- 
T'V 

show ua lysis of inhibitory RNA effects in 
These experiments were carried om is a 
.fepomtrsjra m (called PD4251) expressing 
fcporj cr 1 proU; in?tt omJear GFP LacZ and 
'CFPrTha mkrogtaphs show progeny of io> 

lixed by a flvoiesoence microscope) Panels A (young 
arvaL H (ado It), and C (adult body wall; high 
flcat ion) result firom injection of a control RNA (ds- 



jeetfaeonc -specmc in 



that a 



from 




individual cell 



nucleotide eensen 

to produce inhgstorv^a 
this process ae (1) eflectrve in 
of gene expression, (2) specific to the 
targeted gene, and (3) general in allowing exhibition of many 
different types of target gene. 

The target gcoc may be a gene derived from the cell (ia, 
a cellular gene), an en dog enou s gene (Le.. a cellular gene 
present in the gen om e ), a transgene (i<c a gene construct 
inserted at an ectopic site io the j 
gene Bom a pathogeat' 
oouflism f rom which 

particular urget gene_anu I^^Sse of (toubte stranded RNA r ff^m, 
material deUvered. f3RnT proocM may iKOvtdV^Sr ^ ^<t£-g 
coraplata loss of fanaaun Tor the target gene. A reduction or 



C 3 



ftruncat 

uoc2ZAl>Panc at D-F show progeny of ankoaKJnjccled 



c r""° 



co at (cast V9% of taigetod cclb> has 



imcaaoa wnh dj 
icarntti not the 



A. which ahoul 
isl 



: (or - 



Inhibition of gene expression refers to the 
ixHscrvahte decrease) in tha.tevci^ ***** mRNA^ p - 

prudud from a target gene.3pceiocity refem to Use a bull y to * 
inhabit the target gene without nunifesi effects oo other 
genes of the cell. The consequences of inhibition can be 
confirmed by examination of the outward properties of the 
cell or organism (as presented below in the examples) or by 
biochemical tectainueaqch, « RNAsohtUon t&nutiUliOa^&fr 
(nuclease protcctionjlNnrthcra hybridization. reverseTSJsL 
t aggj un i™*** t.r isi! gaajgenjagg "tH^a Uanscriptioo^coc cxprexiuoa monitoring with a micros rrsyj 
show to situ h yfa ri d i rat tre t to crnbryiaf (darfc amd>c<l v A bindine r | cnxyme linked jmnmnrxftaebcni i 
1 A Ncgitive control showing lack of ataimng io ^((ELiSAFWtsatre blottiog. ndioimrxmncusaa^RtA), t 
: of bybriditutioo probe. Panel D: Embryo from immurx^asaayjl and Rimiesceoce activated Cell analysts 
imtnjectad parent (normal pattern of endogenous mex-3 (J FACSf For KNA - ' ' ' ' 



tmals 
the 
■Panel H 

shows a typical adult, with nuclear GFP- Lac Z lacking io 
almost all body wall muscles but retained in vulval muscles. 
Scale bant are 30 nra. 

FIGS. 3A-D show elfecu of Awibte-wanded RNAonr* 



VA rnediated inhibition m a cell line or whole 



4S> 
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<irgani»m. gens c xprcsstoo is conveniently wtycd by use of 
■ reporter or dnta rearslancc m ens whnew prot ein j 




NU glOCOrOQ! 



aceryurxnsfer 

horScradidt 

ayatnaxe 




h octopus ^1 

uliiple selectable markers are avi 

confer fCKw u nci to amptctUia, bleomycin, 
cnlmamnaacnacoe, genramyctn, bygromyciu, kanemycin, 
liocoonycttt. methotrexate, pbosph inothrida. 



he defined functionally is a nucleolars vsqeence that 
capable of hytnTdizing wife a ponion of ths target sens 
tranacripi (eg.. 400 mM Nad, 40 mbf ~ ~ 
EDTA. 50* C. 
, (followed by 

VqucnuBsm., . . . ^ ^ y 

(As dixcloecd herein. 100% sequence idctuiiy beiw«vn ins 
RNA and tbc target gens at not required lo practice lbs (Kb 
present invention. Thus lbs invention has the advantage of 
being abb to lolsrais aequco 
i to genetic mutali 





to target gene may be derived from or 
organism. Tbe 




<g3i 



(Ob. 



and •etracyclia.J 

Depending oe the assay, quantitation of tbe amount of contained io any 

mens caprsssion allows one to determine a degree of inhi- anim*l,&mer>*oar», 

which b) greater dtos IO%, 33%. 50%. «XJ%. 95% or 15 may bs sVnotinens, dkot or g; 

a ve rto b tsto or iovenebreie 
racd ia ag ricn l iuto or by 

times after administration of dsANA may n»ah ia genic for plants or animaai. Fungi include 



industry, iod iboae thai are pat bo- 



may rustd) to 

■lion ia s acsaller fraction of ecus (eg., at leasl 10%, 
30%, 50%, 75%. 90%, or 95% of targeted cells). Quant ite- » 
tt< m flf gene, fiiTTfrsajrm 11 1 call easy snow similar amounts 
inhibition ai lbs level ofW acamsUiioo or target mRNAor 
trtnaUaoo of target protain»W an sssmpla, the emcfency of 
inhibition may ha determined by assemJeg the amount of 
gene product in the cell: mRNA may bs detected with a 25 
Awxide acquence outsat 
ummkHursnded UNA. or 
1 with an antmody 
of thai region.} 
stranoa of polymer* 
todiflcturjna to cither 
the Qttclcosidfrf For 
may 




hybrid ujUuo probe havi 
the region used Car the ii 

ted porypeptxic may be 
•gainst the potypept 

SnotidsnOmay 
issmptt. ths sttospatodiesaw linkages of natural 



he modified to inetnde si lean one of s nhrogea 
heteroaium. Modthcsttoos an RNAstrnctsre may be tailored 
to allow specific genetic inhibtiion while avoiding a general 
panic rcsprams ia some organisms which ia general cd by 
dsRNA. Uacwias, bases may bs «—Mt ; f l fil io Mock ths 
activity of adsansins deaminase- RNA may be produced 
eazyreaticaUy or by partial/total orgastic synthesis, any 
i bs introduced by in vitro enzy- 
matic or organic syntheses. J 

' by a a ngle 



the mold and yeast nmrpfaol 

Plants ioctude erabi 
barlsy, beam corn^uttoj 
Mrghsm. ^aoyb cr ~ * — 

etabte crops (e.g. t _ r _ 
casli flower, (celery/ cucumber. eggplanv lettuce, ortamvidtt 
pepper. J potato, (pernpkin. red tab, spinach, *quaah, tare, 
tomato, and atc ctrhri fc fruit aod nsi crops (eg, almond, 
apple, apricot, banana, blackberry; blueberry, cacao, cherry, 
cocoost, cranberry, date, fajoa, filbert, grape, grapefruit .^Cl. 
gnava, kiwi, lemon, lime, mango, melon, nectarine, orange.^"' 
P*P*7*. psssioo fruit, peach, peanut, pear, pineapple, 
pauachin. pfatm. raspberry, strswberry. uogehns. walnut, 
and watermelon); and ornamentals <e.n>. aider, ash. aspen, 
azalea, birch, boxwood, camellia, carnation. 



<A ftusodsTlNA duplex fbrtnatjoe maybe init 



r ccO. 



^^.Lixaide or ounide ths celL The RNA may be tmroouceo u 

'- ^ ~' -'"Tbaa-straraded material may yteld mom ofifccL . 

tower doses may also be oseml for specific 
y Inhibit ton it secmenor>speciAc in (hat curia - 
ocide sequences conxaponding to the duplex region of lbs 
RNA are targeted for genetic inhibiiion. 

RNA contiining a nucleotide sequences identical to a 
purtion nf ths target gene arc preferred tor inhsbitiosu RNA 
wjurnces with invent arts, drktione, and single point muts- 
lions relative to the target acqncacc have also been bund to 
-^e far inhabitton. Thus, sequence identity may 
bymequence enmpsnson andjalignmeot algn» 
rwo in the art (see Cnbakov and Oevcremi, 
Sequence Analysis Primer. Stockton Press, IU9I. and refer- 

<E2Sd 



hryaambemutn, elm, nr. ivy. jasrauoe. yjsjpex JnaXfete»Q A 
r>«>Ur)pine.{ r edwood. rrjutluckodroo. roas, Mi J jf ^&l W 

fcanjgjgoal. pia^heep>uiKnt, bamsicr. roouae. rat, pmnxto. W« « 
ana numsn; invertebrate animals uxiudn fetrnatmtea. mher 
worms, droxophila, and other insectx/RepxeseoU Uve gen- 
erac of nematodes iochids those thai infect animab (e g,. 
*° Aocylosioms, Ascaridis, Ascaris, Bunosiomnm, 
Caenorbabdiiis, Cspillsris. Chabcrtla, Coopsris, 
Dictyocautua, Haernoochun, Hntsrskis. Neraatodirus. jc* 
Oesnpbsgostomam. Ostertsgis. O sy mis, Parascaris, 9Sf 
Stroogylua. Toxascsris, Tricburia, Trichostrosgylus, 
as T f h chnnema . Tbxocara, Uncinaria) and those ihst inject 
plants <e.g, Burmpludencrms, CriconemeOs. Duyteochus. 
Oitykncbars, Ctobodcrs, Helicoiylenchxa. Ileicroders, 
Loogidorua, Malodoigyoc. Nacobbes, Paraiylcncbus, 
Pratytenchxa, Radophoius, Roaelynchas, Tyleoches, ami 
M Xi plunem a). Rcpreseotative orders of insects inclttds 
c j tco ^rs. nigK rii I cpidjptrrij.inri IffaTtnniexa^l 
eintf CxlsjBivimi tbe target gencj 



plu 



y be from the germ line 
ire, dividing 

or 



cited therein^ and calcubnirw t the pen 
en lbs nuchmtida sequencesTby, for example, the 
Smith- Waterman algorithm as impas mean ted in the UbSTFlT 
•utfrwan; program using default nam meters (e.g^ U Diversity 
rfWnconsia Oenetic Cumpuiing Croup uCreatcr than 90% 



equcace identity, or even 100% aeoucrjef identity, rnrween «5 
be inhibitory RNA andfthe ponion of} ho targel gens 
preferred. Ailcraauvely. lbs duplex region nf the RNA m 



prctcrren^ 



UMipnteu 

dividing, parenchyma or epithelium, immortelued 
uarn^tormed. or the like. The cell may be a stem cell . 
differentiated celL Cell types thai am differentiated include 
adipocytes, fibroblasts, myocytes, cardio myocytes, 
endothelium, orxtrons, gha, blood cells, megakaryocytes, 
lynmhocyics, macrophages, nesiropbils, eosinophils, 
basophils, mast cells, leukocyte*, granulocytes, 
fccrailnocytes, chondrocytes, oxieoblasis. mueoclsMs, 
benatocyies, aod cells of the endocrine or exocrine glands. /gS\- 
\KNA may be symhesixed cither in vivo or in viuo. 
Endogenous RNA polymerase of the cell may mediate 
transcription in vivo, or cloned RNA pohy merase can he used 
for transcript ion in vtvo or in vitro. For transcription from a_ 
transgeoe in vivo or an crpressk 
region (c^. promoter, eohancer. j 



I Qfaffc/ acceptor. potyadenytatrt^ rflAv tiftuaed In tr 

RNA strand (or ^rsmisfhjrihmilino may he 

specific tranacriptiua in an organ, timue. or cefl 
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Ic tranacripttun ia so ofgan, umue. or ccQ type; 
uf ao environmental nmtKiion (eg, ' 



transcroa the 
targeted by 




temperature, cbcmira l uxheoersk aodVor engineering tratv 
*crtpiioe al a dcvrlopocotal stage or ago. The RNA sir soda 
may or may not ba pory adeny last d; iba RNA strands may or 

-wsssssr : 

cnxvmaJkalWHvtUhewed by manual ur_ a utomated reac- 
uoaa. TS H WA may ba nynSSSSi byTs uc Liu tar) RNA 
^h^ncra^Vc a K^yio^iMRWA pory to e reaa leg.. T3- 

IIM ^ wo 97^2016*1^ Pat. 
^712,1 33, S. 789.214. and 
cited thereto). If aymbcaized 
cbrnriraDy'or by in vitro enzymatic synthesis, the RNA may 
ba purified prior » rnirodocdoo mso the ceil. For example, 
RNA can bo purified from a mixture by extraction with a 
>rvcnt or rsaia. precipitation, electrophoresis. 
Krapby, at a combination imcroo/ iba 
i do or a fain md ami ol pu novation to 
doc to aampla processing . The RNA may bo 
Jned for storage or da Ts oJvad io »a aqueous aoterion. Th e 
aolaaioo may oomaio buflErs or aaHa to JESSES ~ 
aodVor atabittxanon of iba duplex strap 



fumnr and ibareby inhibit gene cxpreasinoof agen 
for maiotcaaaos of tho^a^ciaoayiiicvtaHaanynK^iaradlypa. 
Tb prevent a daceae or other pathology, a target gcoa mi 

he selected which ia required for initpuiordV n — : — 

^mcunJcat 



teas, seicctca wrnca » featured lor mttmtiorapr maul 

ifgo. , (be dtaeaac/rmhofegy. (Treatment would Winds 
toda tioo of aoy symptom aaaociaicd with (be disease < 



listed with tba 
d er ived fro 






_ essential for rcpBcatkm or 
the pathogen, tra oamj aoioo of the pathogen, or 
of the infection. The inhibitory RNA could be i 
cells io v inn or ex vivo and then subsequently oh 

to affect therapy, or directly treated by 

A method of geoa therapy can be env at a oo td . >^ 
For example, cetb al risk for tnfmtno by a pathogen or 
already infected celts, particularly bnmao inirnuoodenV 
ciency vims (HIV) infections, may ba targeted for treatment 
by irarndaction of RNA according to the invention. Tba 
target gene ought ba a pathogen or teat gene reapoaauam ibe 
entry of a patbngea into its boat, drue mctaboliam by tba 
pathogen or boat, replication or integration of the pathogen 'a 
genome, establish mam or spread of an infect ion in the boat, 
or assembly of the next gene ration of pathogen. Method* of 
pioehyiaxis (>*•* prevention or decreased risk of infection), 
as well as redaction in tba frccnscacy or severity of symp- 
ated with infect too, can ba envuuoned. ) 
Tba present ioveotioo costd be aaed for treatmeot or 
development of treatments for nana of any typo* including 
solid tomorm and leukemia*, including: apudoma. 



a loma 



d3> 



in a solution containing tba RNA. Ma tbnda for oral intra- 
include direct mixing of the RNA with food of the 
as well aa engineered approaches in 
aa food is aaapnoar ed to es 
RNA, then fed to the organism m be affected. For example, 
the RNA may be sprayed oeao a plant or a plant may bo 

MifCciem to kill some or ail of a pathogen known lo infect 
the plant. Physical methods of introducing nucleic acids, for 
ffjumpae, injection directly iota Lbs cell or exiracelralar 
mjecaoa into the organism, may also be naedJWa t 
nereis that aa C. effganM, dasbm-alrandcd RNA tear 
outsidB lbs ceQ inhibtta gene 
eauevascular circpl^iort, the blood or lymph system* the 
pnJocm%acrupts.fr ooy hdjc e iebro s pinal ftetd are sites where 
i be RNA may be introduced.^ irsnagamic organism that 
i RNA from a recombmam < 



(5^duocdby 

onic stem cell, or another 

L. 



I conaxrsci may be pro- 
as a zygote, aa emhry- 
l cell derived from the 

infcctioa of a aoltttsoe cooieinuag the RNA. bocobardmeat by 50 
p articles cov er ed by the RNA, snaking lbs cell or organism 

* " ' ' K ^ L -- 1| osrttcle awoues accoonuss 00m 

= — > «ba cell „ 

I of ftMA encoded by me T " Vpreaajo Jcoa^ 5 

{Other methods known in the art for mtrodncuig 

oucfcac acids to cella may ba used, such as lipaJ-mediatcd 
vitrte trans purt, cbcmical-mediaiai} irsnsport, such as cal- 
cium phosphate, and lbs tike. Thus the RNA may be 
otfocktccd along with eotsponctata thai perform one or more 
of ibe following acrrviucs: enhance RNA uptake by the cell, 
promote annealing of the duplex wands, stabilise (he 
annealed « rands, tw otber^wiae increase inhibition of the 
target gene.) 

The present iaveattaa may be used to introduce RNA ifiio 
fa cell for the treatment or prevention of disease. For 
example, dsRNA may be introduced tato)a cancerous cell or 



1 <e.g.. Walkex, basal oett, 
basxasHMBB ous, Brown -Peerce, ductal, Ebrncb tumor, in situ, 
Krcha 2, Merkcl veil, rnueinous. non-small cell lenaj. oat 
cctt, papUlary, scirrhous, broochioiar, broochogense, septa, 
rnoua ceD, and transitional ceH), histiocytic dtsordars. lea- 
kemia (e g. B cell, mixed cell, euil cell, T celt T-ceU 
chrraaic, HTLV-n-asaociated, lympancyiic scuts, tya t p b av 
cytic chronic, meat cell, and myeloid), mattocyaoma 
malignant, H o dg ki n disease, inrniauxiprolifcrative small. 
noo-Hodgkin lymphoma. plasmacytoma. 
rclicuJucadothcliosia, melanoma, cboadroblaaioma, 
chondroma, choadroaarconta, fibroma, fibraaarooaaa, giant 
cell tumors, histiocytoma, lipoma, liposarcoma, 
mesothelioma, myxoma, myxosarcoma, osteoma, 
osteosarcoma, Ewing sarcoma, syaovmoas, adenollhroma, 
adcnolymphoma, carcinosarcoma, chordoma, cranio- 
pharyngioma, d ye go rm inrarss. hamartoma, r 




1® 



cell tumor, gysandroblastnms, hepatoma, bidradeno 
cell tumor, f xyctig ceil tumor, papilloma, Sertoli cell tumor, 
iheca cell tumor, leiomyoma, leiomyosarcoma, 
myoblastoma, myoma, myosarcoma, rhabdomyoma, 
rhabdomyosarcoma, ependymoma, ganglioneuroma, 
glioma, namutloblaamms, meningioma, neuxilemmoma, 
neuroblastoma, oca rocpstbcltuma. oearoubnxna, neuroma, 
paraganglioma, paraganglioma ooochromafflo. 
angiokeratoma, angiolympboid hyperplasia with 
cotfnophitia, angioma aclcrosing. angiomatoaia. 
glomangioma. hemangioendothelioma, hemangioma, 
hemangiopericytoma, bam angiosarcoma, lymphangioma, 
lymphangiomynma, lympbangiosarcoma, pinealnma. 
caxcinosarcoma. chondronancoma, cyxvauronma phyllndes. 
Gbroaarcoma, bemaogiossreuma, Iciomyuaarcuma, 
leukoaarcoma. Hpoaarcoma, tympb angiosarcoma, 
myosarcoma, myxoaarcoma, ovariao carcinoma, 
rhaboomyosarcoma. sarcoma (eg,. Ewmg, experkneotai, 
JCaposi. and mast cell), neoplasms (e g., bona, breast, diges- 
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live system, colorectal, liver, pancreatic, pituitary, testicular, 
tirnital. head and neck. central nervous xyatem. aommic. 
pelvic, respiratory tract, and urogenital), neuroubromatuais, 
■nu cervical dysplasia, and fur treatment uf other cunditiuon 
'in which cells have b ncneg n immortalized for transformed. 
The invention coatd he used io combination with other 



treatment modalities, such a* chemotherapy, cryotherapy, 
hyperthermia, ra diat ion therapy, and the like. 

Aa disclosed herein, the present invention may is not 
limited to any type of target gene or nucleotide eeqeencc. 
Out the fotk> wins classes of possible target genes are listed 
Tor illustrative purposes: developmental genes (e.g, adhe- 
sion molecules* eye I in kinase inhibitors. Wo* family 
members. Pas family members, Winged helix family 
members. Hob family members. qrtohinrVlyrnphntrinrs and 
their receptors, growib/mffereauatroo factors and their 
receptors. □earoiraramdJer* and their rcceptnrsk oncogenes 
(eg,. AW J. BCI J. BCI.2. RCLn, CBFA2, CBU CSFIR. 
ERBA. ERBB. EBRB2, EPS I. ETS1. ETV6. FOR. FOS, 
FYN. HCR, HRAS. JUN. JCRAS. LCK. LYN. MDMZ, 
MIX* MYB, MYC. MYCL1. MYCN. NRAS, PIM1 . PML, 
RET. SRC, TALI. TCU, and YES); tumor suppressor genes 
(e.g.. AFC. BRCA1. BRCA2, MADH4. MCC. NF1. NP2, 
RBI. TPS3, and WTIfc and enzymes (e*. ACC synthases 
and oxidase*, ACP desarurasca and hydroxylases. ADP- 
ghicosc pymphnrylese*. Al Vases, alcohol dehydrogenases. : 
amylases, amy luarfucoa id ases. cats leans, ucDulaaca, chal- 
cone xynt bases, cbitinaaes, cycloosygcnases. 
decarboxylases, dcxtrmases, DNA and RNA polyene race, 
galactceidases, glucanescs, glucose ozidasea 
starch synthases. CiTPaaea, neUcases, hem ice Hula 
integrates, inulinaacs, invert aaci. isoem 
lactases, lipases, lipoxygenases, lysezymcs, nopalin 



nematodes which have oo effect on plants. Inhibit too of 
largct gens activity could be used to delay or prevent entry 
into a particular developmental <uep (e.g.. aaetamorphosm), 
if plant disease wee associated with a particular stage of the 
pathogen's life cycle. Interactions between pathogens may 
also be modified by the invention to limit crop damage. For 
example, the ability of beneficial nematodes to attack their 
harmful prey may he enhanced by inhibition uf behavior* 
controlling nematode genes according to the invention. 

Although pathogens cause disease, some nf the tmcrol 
interact with their plant host in a beneficial manner. For 
cxampfta. some bacteria are involved in symbiotic relation- 
ships that fix nitrogen and some fungi produce phytohnr- 
Such beneficial interaction* may be promoted by 

se activity in 



Another utility of the present invention coeU be a method 
of identifying geee fiineUsp is an organism coca priai ng the 
iu«of ds«bte-«traodcd RNA In inhabit the activity of a target 
gene of previously unknown function. franc sd nf the time 
ueisuming and laborious jffttvrh of mutant* by irsditionai 
genetic screening, fun ct ional genomics would cnvaunei 
determining the function of irruharaiicrized genes by 
cmpioyiag the invention to reduce the emosat and/or alter 
the tuning of target gene activity. The invention could be 
used m determining potential urges for pharmaceutics, 
understanding normal and pathological evens associated 
with development, determining signaling pathways rexpoo- 
ubk for postnatal devekmrncnt/aging, and the lex. The 
iof 





plant growth regulator syi 
teinsses and peptidases, s 
transur iplesce. RUBlSCOs, top 

The present inventinn could comprise s method for pro- 
ducing plants with reduced susceptmilUy to climatic injury, 
susceptibility to insect damage, susccpt itoQay to infection by 
a pathogen, or altered Crait ripening characteristics. The 40 
targeted gene may be an enzyme, a plant structural protein, 
a gene involved in pathogenesis, or so enzyme that in 
involved in the production] of a noo-proteinsrrmis part of the 
plant <ie., a carbohydrate or lipid). If ao expression con- 
struct is used to trsnscrme the RNA io a plant, trxnscriptiuei as 
by a wound* or strcea^iraduemte; trauo-epeciile (e.g.. fruit, 
seed, anther, flower, leaf, mot); or otherwise regulataMe 
(e.g.. infection, light, temperature, enemies I) promoter may 
he used. By inhibiting enzymes at one or mere points in s 
metabolic pathway or genes involved in pathugeoevxa, the 59 
effect may be enhanced: each activity will he affected and 
the effects may be magnified by targeting multiple different 
components. Metabolism may a bo he manipulated by inhib- 
iting feedback control in the pathway or production of 
unwarned metabolic byproducts. 

the present tnweaammay be oaetltu reduce crop Licxtruc- 55 
tioo by other plant petbeajens seek ss arachnids, insects, 
nematodes, protozoans, bacteria, or fungi Some such plants 
and their pathogens am listed in Index nf plant Diseases 



O melanogtuter, and C. 
can be coupled with the invention to 
re action in en organism (•-*-. nematode). 
The preference of different orga reams to use particular 
codona, searching s e qu e nce databases for related getae 
products, correlating the linkage map of genetic traits wide 
the physical map from which the nucleotide acquencea are 
derived, and artificial intelligence methods may be used to 
define putative open reading frames from the nucleotide 
sequences acquired in such sequencing projects. 

A simple assay would be to inhibit gene expression 
according in the partial sequence available from an 
expressed sequence lag (EST). Functional alterations in 



other biological processes would be indicative of the normal 
role of the EST*S gene product. 



The case web which RNA can be 
cclVorganiscn enmaining the target _ 
invention to be used to high throughput screening (HT5). 
For example, duplex RNA can be produced by ao ampfifV 
cation reaction using primers flanking the inserts of any gene 
library derived from the target ccuTorganism. Inserts may be 
derived from genomic UNA or mRNA (e«-. cONA and 
cRNA). Individual clones from Ihe library can be replicated 
and then isolated in separate reactions, hat preferably the 
library is maintained in individual re actum vessels (e g^, a 
^6- well microtiesr plate) to minimis the number uf steps 
required to practice the invention and to allow automation of 
the process. Sohuioos containing duplex RNA* thai are 
capable of inhibiting the different expressed genes can be 
the United States (U.S. Dept. of Agriculture Handbonfc No. _ placed into individual wells portioned on a microliter elate 
165. I960): Distribution of Piafi.P»r«ui~ Ntmiioefa W. « , n ^ A . . :„ZTLtt- t ™. 



165, I960); Distribution of Plant .Parasitic Nematode Spe 
cies in Nt trth America < Society nf Nemato legists, 1985); and 
Fungi on Plants and Flam Product* in the United Slates 
(American Phytupa ihologicel Society, 1989). Insects with 
reduced ability to damage crops or improved ability to 
prevent other destructive insects from damaging crops may «S 
be produced. Furthermore, some nematodes are vectors of 
j>Uoi pathogens, and may be attacked by other beneficial 



as an ordered array, and intact ceUVorgamsrm in each well 
can he assayed for any changes or modifications in behavior 
or development due to inhibition of target gene activity. The 
amplified RNA can be fed directly to. injected into, the 
wllmrganism containing the large! gene. Alternatively, the 
duplex RNA can be produced by in vivo or in vitro Iran- 
scrip tioo from an expression construct used to produce the 
library. The construct can be replicated as individual ckmes 



US 6406.559 Bl 



13 



14 



of 4m library and transcribed to produc e (ha RNA; each 
" » can tbsa be Cod to* or injected into, itaa ceuVorgaxewi 
leaning the target gene. The functioo of the target gone 
be asaayed rmm the effects it has no the ccU/rvganlam 
when gene activity ia inhibited- This screening could be 
*Tr-rr*M" to small subjects that can be prow wand ta targe 
number, for c temple: vabidopsis* bacteria, droaopbila. 
fungi, nematodes* viruses, iflcbnmsfc. and tisane culture cells 
derived bom massmaav 

A nematode or other organism tool produces a 
colorimetric, Booroganae. or himinnsscai signal in response 
m e regulated promoter <e.g, transacted with a reporter 
gene construct) can be assayed in an UTS format to identify 
UNA-ru'fiding proteins that regulars the promoter, la the 
>'s \~unpUmi form, inhahitaaa of a negative regulator 



tauv t umpi 
resells in as 



If i 



r the signal and mhmitioa of i >J !7j -JL. 
in a decrease of lbs signal. J^, 



shoots, hark, smu) may he sprayed with pesticide, the soil 
may he snaked with pesticide to access plant parts growing 
beneath ground level, or the pent may he co n aactcd with 
puuiode directly. If pests interact with each other, lbs RNA 
9 may be transmitted between them. Alternatively, af inhibi- 
tion of the target gene results in a beneficial effect on plant 
growth or develnpmsnu the aiorenxotaoned RNA. c spree- 
uoo construct, or uunsfected organiam may be considered a 
nutritional agent, to either case, genetic engineering of the 
plant is not required to achiev e the objectives of the inven- 
tion. 

Alternatively, an organism may he engineered to protases 
daRNA which produces commercially or medically benefl- 
via! results, for example, resistance to a pathogen or. its 
pathog enic c fleets, unproved growth, or novel devcaopnsea- 



thcpi 



as either an pesticide or nutrient, a forma la t ion of 
em invention may be delivered to the end user today 
form: for ci ampin, an s duet, granulate, emulsion. 



characteristic of sa organism is determined to be 
sfly linked to a polymorphism through RFLP or QTL 

auaJyeav the present i n v ention can be used to gain insight ptf ^ 

******* ******** £^ might he » toa*rucuous for safe and enters' nse may ab» be' provided 

directly responsibk for the cba mcterna ac. For c sample, a ^ (he fonmiUUoo . The formation might be used 

fragment odtatmnj genetic potynaorpftasm or sequences ia directly, but concentrates would require dilution by mixing 

is^n^^ ^^r kr prov * od * ,he fomu Utoror *■ w - 

•o the organism, sod wh e ther an alteration in the character- -s end user to t 
istic is correlated wish tebmuion can be determsaed- Of cation. The fc 



i, there may be trivial explanations for negative results 
with this type of assay, for cxsnmla: inhaWtion of the target 




preparation steps before a pp li- 
ma y inctode a combination of 
chcaical additives known In the art such as aolid carriers, 
b A»Kt»";«Ka«,s«- Wr _™ ,™ ininerals. solvents, dispemants, surfactants, ernsbufiere, 

fcth*hry. innabiuon of ths target gene may ant tmckinenK binders, and other adjavanm. Preservatives and 
tragmesM oontauuj M subiuxam may abo be added to the formelatioa to facilitate 

f ^ - tim tmtmm m ^-J?L2SS!!* stnrage. ITw crop area or plant may also be treated simul- 

urget gene, or the target gene a acuvity » redundant. ttneouiUy or separately with other patricide* or fertilimm. 

ths present inven tus* m ay be useful in allowing the Methods of application include dusting, scsttcring or 
mbabitioft of esse esu I Kiou Such jeoes may be required for pouring, soaking, spraying, atomizing, and coating. The 
cell or ors^ruam viability at only psMUr stagee of devel- pred.. pbysicml form and chemical cnrimcotfJott of the 
upmeni or ceUular compaomcota> The ruociaooal equivalent formulation, and its rocthod of application, wceud be chosen 
of ^^ifi? «vep nrodnced by mhmttmg to projBote the obyactives of the iovannon and ia accordance 

activity ot the target gene when or where it is not reclined with prevailing cirm matinees. Expression cooslrocts and 
for viability. The toyentaon allows addition of RNA st usasfectad boats capable of replication may alas promote 

1 of the formulation. 



specific times of devalopment and focanons in the organism n, e 
without mtreoncrng pexms nem mutations into the t arg et *o 



geanrns. 

If alternative splicing produced a family of tnrncripts that 
were distmguedwd by usage of charscsarbuk: aeons, the 
present invention can target inhibition through the appro- 
priate canoe to sneciucaUy inhabit or to duuatguiab among 
the fonctiens of family members. For eaai 
that contained an alternatively enticed trat 
domain may be 



fuocitanal consequences of having only secreted hormone 
can he determined according to the invention by targeting 
the caon coot* wing the transmembrane i* una in and thereby 
inhabiting csnressioo of me nabi s ne-bound burmooe. 

The presem invention may be iiaed alone or as a compo- 
nent of a kit having at least one ot' the reagents necessary to 
carry out the in vitro or in vivo itoroduraion of RNA to test 
samples or subjects. Preferred components arc the dsRNA 
and a vehicle thai promo tes iatro duc tioa of the daANA. Such 
a hit may also include insUuctinns to allow a user of the kit 

Heteicides may include the RNA molecule itself, an 
expression const met cs nab at of ce prouu ttg the RNA. or 
organisms transrectal with the c apneas km uuostruct. The 
pcstivtUu of the present invent too may serve as an 
arachnicide. unccticrds. oemtficidn. viricide, bactericide, 
and/or fuogicido. Foreaamph). plant parts thai are accessibia 
above ground (e.g,. Ouwers, fruits, buds, leaves, seeds. 



of the dsRNA li 

in C rJegem 

Ins operas km of the picscot urventjon cflasV hpwp in ibe 
45 model genetic orgsnrun CatmnrkabdMiM eUganiA 
of RNA into ceOs^^JSE^^ 



banlogicel systems to interfere 
cnou» gene us . Many, such effects 
from s simple si 




a enctan- 
to result 
i hybrid- 

injected azngle^ouoded RNA and codog- 




n ism had been .tuggested. 
mecbanxsm waslRNAin 
the nematode C. efegeuafJANt _ ___ 

5J of studies to manipulate gene eanrcsaaoer > ' 

Despite the usefulness of RNAi in C dcaans. many (ffifc o 
features bad boeoduScub tocanlam. t^lsdT me lackol a ckar 
understanding of the critical rcnuire meets for Lnier&riog 
RNA led to a sporadic record of Caihire and partial success 
in inempst to extend RNAi beyond the earliest stages 
*° following injection- A statement frequently made ia the 
literature was thai sense and amtstnse RNA preparations, am 
each mfBocttt to cause interfemnce J <4 . The only precedent 
for such a skuaiiuo was in planta whem the proceiw of ff uTl c - > 
AjosuHircsatu^ fcad a Lontlar htalury of usefolncss ba certain 
ei ceaes, taj luxe m others, and no ability to design mterference 
psotocnls with a high chance of success. Working with C. 

* an RNA structure that would give 
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effective and uniform genetic inhibition. The prior art did 
n* teach or *unaea that RNA *t/w^rnrc wa» ■ *-r\^x^i If 
for inhmukxtof gcriecapreaBSJo. Indeed ibe abiliiy oT^Tuda) 
sense and antiauess crepe rat ions to produce interference*- 4 
had been lakes a* as iodicatieo ibex RNA stractsr* was not 5 
• critical factor. I totted, tbe extensive pleat literature and 
much of tbe ongoing research is C cicgam wee focuacd uej 
tbe posemility that detailed feature* of ibe target geoe 
sequence or ita c hro moaomai locale wee tbe critical feature 
fry interfering with gene expression. |Q 
TJPS igveraorskwefuOr (sWedJtcose or totiacrrte RNA ' 
_ -j, lVw ur»c»22^nd tested each tnr ^Kne^occjnc inpittitiopl 
Ct^y^WhiW the crude sense end amrsense prcpsrsunas had «rong 

wae uoexpectad bocaue c many techniques m molecular 
hiolocy are based on ibe iiiamreion that RNA p 



wens simcicnt to allow compku inhibit ion. A long interval 
(>l hour) between .icqucnital iineciaoret iif sense and anti- 
sense RNA resulted in a dramatic decrease is inhibitory 
activity. Thia tuggcats that injected singte strands may he 
degraded or otherwise rendered miirmarihh to tbe ihwn nrr 
of lbs oompksmcntsjy aemod. 

Ao issue of specificity arises wtsen considering known 
cvUular responses] to ilsRNA. Some organisms have 
d*RNA-dc p en d ent protein kinase t hai activates a oei 
reapooss mrrhaniasa 10 . Cooe^PtAff.-'^"^'^^^^'' 
antiaease tyocrgy could reflect a non-n 

lottscs ss effects by such e panic mcctunism 

[__\_tg_ym he tbe case: co-mjecdoo of dsRNA ssgmeais 
unrelated to uac- 22 did nor 



asp 



: po s t ntiarionof, ^qra\ 



thai RNA produced 
with specific iff. vitro promoters (e.g^ T3 or T7 RNA 
el or with * 



liviiy 

* pocaatiaii 
loceicd T 
del 



placed is canoe awgte-strasded aegiiw.ru. 
too was -van; unrclsicd douhsa^iranUed 
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fftYl »ovqi»g«s whcibjr 



charac ter might cootrihuie to genetic 

oei additional purification of is 



inbibatsM 

sod compared iobirilory scuvxice of 
indrvidual strands with tbal of ibe double -ettanded hybrid. 

The following examples are esses*, to be iUustrasive of the 
pressax inventions however, tbe preebes of tbe invention is 
not t united ut restricted is any way by tbcra. 

^•^^Aasxysai of RNA-Mcdialed lobMsoo of C trJrgwuJ 

K£5 ffhe unc-22 gees was chosen tor initial cornparisoos of 
activity «m a result of ptevi oe s genetic analysis that yields s 
.vunU{uaonutive compartson between unc-22 gene activity 
and the movement pbcootypes of ani malar 1 *: decresaes io 
activity produce as increasingly aevcre twitching p he no type, 
while complete torn of function nssulte in ins additional 



Tbe pbcootyps produced by unc-22 dsRNA waa specific. 
Progeny of injected animate exhibited behsvior ' 
guiahahte from charsr^rUtkz unc-22 toes of 
mutants, n'ancat'^pecincity of dsRNA cflo 



function 
ng ihree 




ity. unc-22 encodes as abundant but 

rasnt protein". unc-22 a) RNA is present at several thou- 
sand copies pet striated muscle cell*. 

Purified antjsanee and sense RNAs. covering a 742 at 
ot* 



effective ioMbston of endogenous gens 
sctiviiy (FIG. 4). The mixture was at least two orders of 
rude mem effective ■ thsa either swash* earand in inhj * 
gene expremfon. The toweet Pons of tea sens! 
1 m tamer mixture tested, approximately 60 J00O molecules 1 
each strand par adult, led to twitching pbcootypes io in 
average of MM) pro gen y, unc-22 expression begins in 
embryos with approximately 500 cclte. At this point, the 
original injected material would he dinned io at most s few 

» teenies per cell- 

Tbe potest iiinibiiory activity of 



additional genes with well cbsracterinod p bears y pee (FIO. 1 
and labia IV uac- 54 encodes s body well muscle 

myusm 

heavy chain iaoform required for roll muscle cootracoon 7 ' 
jo 11. ra, fcm*l encodes sa ankyrtn-rcpsst cooutatnst protein 
required in hceuaapfcixxhtes for sperm production^ . and 
hlb-X encodes a C. efegsvtj bomolog of tbe myoD family 
requited for proper body shape and motility* For each of 
tnese genes, injection of dsRNA produced progeny broods 
cxhmaing ibe known null mutant pbcootype. wfaihi ibe 
purified Single strands produced 00 sigoiflceat redaction in 

gene e n| i oti . With ooe exception, ail of tbe pbsootypic 

of dsRNA injection were those expected from 
of the corresponding geoe. Tbe exception 
(segment unc54C. which led to sa ci ' 
lyps 

dhisoatrrc. 'Inte segment covets (be highly 
»in motor doaaain. end mieht have been expected 
(thsJfMvny of other rngbly rebted myosin heavy cJuui 
gvocs 1 . Thai interpretation would support unes of 
45 present invent ioa in which nucleotide sequencer ccenpar 
ofdsRNA and target gene abow leas tbao 100% kbmtsiy.Tbs 
uoc54C aegmenl has bean unique is our overs 11 c; 
10 date: effects of 18 other dsRNA asgsseats have all bees 
limited 10 (boss expected from characterized mil mutants. 
SO The strong pbcootypes seen foltoerfng dsRNA injection 
are indicative of inbibiiofy eoVcts occurring io a high 
fraction of uclhk The uoc-54 end hftt-f 




U>t3 



in particular, are known to result from e large number of 
dsRNA ua s cellular fcwsln trsasgcasic line ea^esstagtwo 



ditTi 



mixture undd reflect formation of double -stranded RNA 
(dsRNA)^ or conceivably soma ■Ucroaxe synergy between 
tbe strands. Electropboretic analysis indicated that the 
mjectad maierial was predominantly double stranded. The 
dsRNA was gel purified from the annealed mixture and 
found to retain potent inhibitory activity. Although* anneal- 
ing prior to injection was compel Die with inhibit do, it was 
not necessary Mixing of sense and aatrsense RNAs in low 
sail (under cooUitioos of minimal dsRNA formal em}, or 
rapid aequenhal injection of sense and anttsectse scrsnds. 



ibe decreases in the fraction of fteoresccm ecus 



(FIG- 2\ Both reporter proteins were absent frees ibe 
negative cells, white I he few pi mi live cells generally 
cxpreaaed both C*P forrrm. 

The pattera of rnossicism observed w ith uftj infrihiiion 
waa not random. At tow doses of dsRNA4 S mvenxorAa gr 
I'requcel inhx»iiioo is lbs cmbrvomiaQy-dsnved muscle 
celb presctu when lbs animal hatched. Ths inhibitory cflect 
in these differentiated cells pcrsuued through larval growth: 
iheac ceib produced little or no additional GFP as the 
affected animals grew. Ths 14 rjcsttmhryookaUy-dcrtved 
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vrtatcd muscle* an ho re during early larva! stages and went 
mora resistant m inhibition. Thorn ceila hava come through 
iddh^aaj Jvfedqy flS>t4 ag| fej-Jg 
. Ai Kg& cuoctdfiiiutn uf gfp i 
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„ 'as notcd>n virtually all striated bodywaJl i 
with occasional single escaping cells t 
embryonic or postcrabryonic stages. Tha ooaatristad vulval 
nnacW*. bora during lata Urval davalopencsU appeared 
resistant en genetic iniaboiofl at all tested concentrations of 
injected RNA 11m latter result am important for evaluating 
the aaa of Itaa pccaeol invention ia other ayaacma> FiA, it 
inriirttrt thai failure ia ooo set of ccJJa from an omaoiaa 
does not occcsaarity indicate complete ooo-apphcamb'iy of 
tba tevcntioa to thai organism. Second, it ia import* ea to 
rcaam that ooi all liaausa ia the organism need to be affected 
Tor the mvcotion to be used in as organ iern Thk may acrva 



nation pathway. Hull mu taurine prevent the rmufaclajn 
sperm and lead cupknd (XX) animate Id develop as females, 
while wild type XX animals develop as bermaphradiiea. 
When wild-type animals were fed bacteria canrcseieg 
deRNA correapcodiag to fern- 1, a fraction (43%) exhibit a 
sperm-lcse (female) pbeootype and were sterile. Finally, the 
abiHiy in inhibit gene expression of a tmagcae target was 
assessed Wbea animate carrying a gfp uaaagene were (ed 
bacteria expressing daRNA corresponding to the gf| 
reporter, an obvious dei iiiaaa in the overall level of OFI 
Boon aaco op was ohaerved. again is approximately L2% of 
the popnlatios (ace FIO. 5. peneaa B and C% 

The efFece* of these ingested RNAa were specific. Bac- 
teria carrying different daRNAe from fcm-1 and gfp pro- 
duccd no rwUchmg, deRNAa from uac-22 and km- 1 did not 



reduce gfp e: 



to clarify tha nanus of | 
for RNA-mndiated gea 
tion in C. rlrganx: 

Firat, dsRNA aegu t auie corresponding to a variety of 
■ dad aot pr od u ce detectable 
intubittoo (Tibia l\ Although oonaiatent with poaaibh tntaW 
bit ion at a pmt-rranscriptionaJ level, these experiments do 
not rule out inharitioo ai tha level of the gene. 



and deRNAa from gfp and i 



:-22did 



Secxmd*dsRN A n 
the level uf tha e n dog e nous mfUVA transcript (FIO. 3). Here. 
k mes-3 trapse rini chat ia abundant ia she gonad and early 
*7wan tgg eSndJ ~*ifn sUrightforwawJ ia 



iyorwnaaana can cs pcrtorraooy no cm 
nRNA was observed in awn»h trsectoc 




emry mrrlfatrd by daRNA: bacteria expressing only tba 
sense or anUaanae at nod for either gfp or uac-22 ceuesd i 
evident pheootypie effects oo their C efrgaues predators. 

Table 4 shows the effects of baJhxng C eiegartM at 
aohnioo containing daRNA. Larvae warn bathed for 24 
hours in aomtioae of the indicated deRNAa ( 1 mg/ml), then 
allowed to recover ia normal media and a Do wad to grow 
under ataodard conditions for two days. The uac-22 daRNA 
waa segment de~unc22A from FIO- I. pus»l and *tat-3 
daRNAe were from the fall length cONA clones, poavl 
encodes an essential maternally provided co 
required carry ia e egbyoep nesas. Mulatiooa rem 
activity have aa early casbryonic arrest dun 
ska-like muuuomr 9 -**. Cloning and activity pane ma for 
sqt-3 have bees described* 1 . C. rlrgans ant-3 mutants have 
i the coM collegeo gens* 1 . Ph eao typee of 



Third, dtRNA-mcdiaied inhihatoa showed a surprising 
ability to cross cellular boundaries. Injection of daRNA for JS 
uoc-22, gfp. or lacZ into the body cavity of the bead or tail 
produced a sparine and robust inhibition of gene ezprcasano 
ia the progeny brood (Table 2). lahtbitioo was seen ut the " 
progeny of both gonad arms, ruling out a tm causes ~okfcing" 
uf the gonad in these injection*. dsRNA injected into body «| 
cavity tm gonad of young aduha iku pruduued geae-speciuc 
I inhsritkm ia somatic tissues of ths injected aaimal (Table 2). 
(Table 3 shows that C. Wrsaae can re s pond ia a gene- 
speciflc manner to daRNA encountered in the cn v ir ccuncat. 
aactcria axe a natural food source for C. rfcgcue*. The * 3 
bacteria era ingested, ground ia the aeamal'a p h ar yns. and 
(be bacterial contents taken up in the gut. The results show 
(hat £- coli bacteria eapieaaing daRNAe ceo confer apecine 
uxbabaory effects oo C. rireeuts aenxatode larvae that fsed oo 

im - $0 
Three C. rergosa genes went analyzed. For each gene, 
coneapooding dsRN A was e apt i aasd in £. cod by inserting 



a segment of the coding region into a 
'for bidirectional traaacriptioo by' 




RNA poly i 



btjecUoaj erperimema (see FIO. 1% The effects resulting 
from feeding these hmatrU to C eUgam were coroparcd to 
the effects achieved by micrmnjecting animabi with daRNA. 

The C elegant gene uac-22 encodes an abundant muscle 
fiJsmeat protcte. uac-22 null mutations produce e efcaxae- 60 
ttrcuic and uniform twitching phsnotyps ia which the ani- 
mate can sustain only transient rnuacte contract km. Wbea 
wild-type animals were fed bacteria expressing s daRNA 
segment from urn. -22. a high fraction (HS%) cahibitod e 
weak but stOl duUioct twitching pbeaotyps cnaraci eristic of « 
partial has of fu net too for the uac-22 gene. The C. tie/gam 
l/cm- 1 gene eaoodes a lata component of ths sea deumri- 



. Incadcncea of clear pheootypie 
► 3>lO% for uac-22, 50% 
Cor poe-1, and 5» foe sqt-3- These am Cteajaencias of 
unambiguoua phc aoca p t t a; other treated animals may have 
had marginal defects oorrcspoodxag to the target gene chat 
were net observable. Each treatment was fully geae-apednc 
ia that uac-22 daRNA produced only Uac-22 pbeaotypes, 
pos-l daRNA produced only Poavl pbeaotypes. and aqtO 
daRNA produced only Sqt-3 prtenotypes. 

Some of the rcssUs described herein were pubistbed after 
the filing of osr provisional appiicahon. Thnae publicatioea 
■od s review can be cusd aa Firs. A. ct aL Nature, 391, 
806-gll. 1998; Tammans, L A rue. A. Nature. 395. 834. 
1998; and hfuatgomcry. M K. 4 Fire. A. Tmnds ia 
Ccoeucs, 14. 253-238. 1998. ) 

The effects uvacribed herein sigmficamry augment avaxl-'f 
able loom for studying gene Cuoctioo is C. rsVgamr and other 
organisms, In particular, functional analysai ahnuld oow be 
poaatbtt for a large number of interesting coding reajoer 3 
for which oo specific function have been defined. Several of 
these observations show the properties of daRNA that may 
affect the design of p r ocesses for insibitino of tains eaares» 
sinn. For example, tone ggg w^rW>acrvco>tn wMdh a 
osclcoudc sequence shared between several myosin genes 
may tnJubii gene expression of several members of a related 
gene family, 



jQEB>«, Gs*. ro c? 



Mcthoda(oflRNA Syntaesia and Mbjoansasmo ~"TjS^) 

RNA was aymhrsiyrd from phage mid cloaca with T3 and 
17 RNA porymeraae*. fonnwed by aempUie removal with 
two sequential ON ass treatmermv In cases whem sense, 
astiacoae, and miaed RNA populations were to be 
compared. RNAa were funber pun fied by elect rapboruxia oo 
Inw-gclling-temperatera agarose. Ucl-parificd products 
lack many of the minor bands seen in the 
preparations. Noorrhrlrsa. 
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RNA species accounting foe leu* than 1(1% or purified RN A 
pre par alio on would not have beta ob wer w ed . Without gel 
mirir^itios lbs iod -ararscnasT rns™ratinm pro- 

duced squtaacaht^aggfi^ rbxs^gj gE^ activity was 
reduced or eliminated upoo gel purification By contrast, 
sense* ant iseose mixxures of gal purified and noo-gel- 
% punned UNA preparations produced uJentical effects. 

(3 rmautsj trestrneut at 6ff* C. to 



j wr i n g a Abort (3 minuet) truatmeoi at 
( ^SBSfTB^ Si^t^iicam ant 
out in injection buffer 37 at 37* C. Cor 10- 



r 10-30 murotca. 

Furcaalion of predominantly double atrandad material waa 
confirmed by leasing migration on a standard (oon- 
dena raring) sgsroae gsL for eacb RNA pair, gal mobility waa 
shifted to thai expected for doubk stranded RNA of Iba 
appropriate length. Co-incubation uf iba Iwu Miranda in 



20 

iiy is uhnarvad among orogeny. First, 
~ clearance" interval in which unaffected progeny are pro- 
duued. These include impermeable Certilued eggs present at 
the time of injection. Alter iba dears ore period, individuala 
are produced which show the inunuory pbenotype. After 
injected animals have produced eggs for several days, 
gooada can in some cases "reverr" to produc 
enacted or pbenotym'caJJy normal progeny. 

(Additional description of the Results 

£ no. I shows apnea used to study RNA-mcdiattd genetic 
inhibition in C. Hegmin. Intron-exnu strucnuu for acnes used 



to lesi RNA-mcdiaiod mhmiiioo aro shown (exoov tilled 
buses; astroaa: open boxes; 3* and 3' untra< 
_ snadlcdtfjeejucaxae refxieoces are aa foflnws?] 

tow-salt buffer (5 ens* Tris-HCl pH 73. 0.5 mM EDTA) was |J S4 J », fem-l J *. and bib-1 "). 
~ for visible formatioo of double-soandcd RNA in 




<3P- 



RNAa for unc22B and 
to be msch 

i active than the indrvidual single strands, but 3-4 fold 
leas active than equivalent prc-anncaled prcparatioaa. 

I of the atnghi strands for unc22A. the 
rsportrting in sice to that 
expected for dsRNA was panned using two rounds of gel 
electrophoresis. This material retained a high degree of 
inhibitory activity. 

Except where noted, injection mines were constructed so 
imoua would receive an average of 0-5*10* to 1.0*10* 
mukojules uf RNA. For comparisons uf sense, antiacne, and 
dsRNA activities. injections wen compared with equal 
masses of RNA(Le., dsRNA at half the mo tax cooccntrataon 
of the single strands). Nuesbcrs of nsotecutes injected per 
aduh are given as rough spemximatsoae baaed on concen- 
tration of RNA io toe injected material (estimated from 
cthidium bromide Gaining) and i eject ioo vohunc (estimated 
from vbuble displacement at lbs site of injection^ A vari- 
ability of several-fold la injection volume between indi- 
vidual animals is possible: however, such variability would 
oi affect any of the conclusions drawn herein. 



on: (1) a defined molecular structure, (2) classical genetic 
d ^*^ a *r tt > B Mhinyf '» «dj ohenor^ l^sesissem, 

tested '^i^Iljlritff 5 * Cjjtfgjs* A^fnmtmA WtUt "«~»- ~* 

the gene followed by a single letter (eg. encZ2C). S 



20 derived front grnrtmfcr ON A am shown above the 

segments derived from d)NA are shown below the gene. 
The consequences uf injecting doubfe-^assded RNA seg- 
ments for oath of these pence e* describee! in Table 1. dsRNA 
sequences from the coding region of each gene produced a 
p b^notypa rsaeaabtina the null phenorype far that acne. 

fe jujalv7edj» iodrvkb^ 



p benotyna resaeablnsa. toe null Pheaor 
fT^i^a^jjfcf inhibitory aWAjPere a_ 
uclba^RG 2, pancte A—HJjpfraeaa cepcrimcats were carried 
out as a r ep orter strain (caned PCM 251) exprcwoog two 
different re port e r proteins: nuclear GFP-LacZ and mito- 
chondrial GrP. both expressed in body muscle. The ftno- 
rcscent nature of these reporter proteins 
examine individual cells under the nucueacei 
determine ins e xtent and gencrabfv of ib a 



inhibition of _ 
negative control 



GFP csrjressioe as oroa 



injected as a 



p roaco vlaooc as^puteo tic ai t 



XMelbods focjAoalrsis of Phenutypes 
rally i 



Lac; 
GFP] 



(the 



GFP- 



i of e n doge n ous gei 
a wild type genetic bacagrouod (N2). 
mchided move mem, feeding, hatctuna^ 
ideoiiiy. and fcniliiy. Inhabnioo with gnjr* and tacZ sctrvity 
was as a esaed using strain PD4251. This strain is a stable 
transgenic sua fas containing so integrated array (cc 1*4 251) 
made up of three plasm ids: pSAX4 (myo- 3 promoter driving 
mimcrioodriaUy targeted (IFF). pSAK2 (myo- 3 promoter 
driving a nuckar targeted OFP LacZ fosioot. and a dpy-20 
Ms^ctone 3 * aa a selectable marker. This strain produces GFP 
in all body muscles, with a combination of rratncrnndxiaJ 
and nuclear localizat ion, 'the two distinct compartments am 
easily distinguished in these cells, allowing a facias duttino- 
tioo between cells expressing both, either, or neither of the 
original GFP constructs. 

Gonadal injection was performed by inserting the cukto- 
injcciioo nectJDe into the gunadal lyncitium of adults and 
cape Ding 25-100 pi of aohiuon (see Reference 23). Body 
cavity injections followed a similar procedure, with needle 
insertion into regions of the bead and tail beyond the 
positions of the two gonad arms, Injection into the cyto- 
plasm nf intestinal celts waa another effective means nf RNA 
delivery, and may be the least disruptive to the animal Alter 
recovery and transfer to standard solid media, injected 
animals were transferred to fresh culture plates at Id hour 
intervals. Thia yields a 



"> fc°jbflatt H frie&mjs^atiofl tStt fQ. 1 
sdln (fp contrast. myprogenyof^S g^^Bg^ 
F"*d (RNA are affected (FIGS. 2D-F) JTSssrvabte <Jr f 
anal cenue is comnustelv absent in over US« of the esl 



is compusssly abseut in over US* of the celtsT^rcw 
active cells wens wo as larvae (FIQ. 2D shows a larva with 
one mrtive cell; uninfected 
8 1 body wall muscle cells). 

vulval rm 

nmaJflEBr^l- 
AfliniSi 

affect the nuclear but not the mrtnehrssdrial reporter 
id. In the animate derived from this injection. 
maocboodrialHaxgrfed OFF appeared ufuifr^ wt»fc» tfuj 
j^faar-unnTted OFP^LacZafgl^gj fjum ahnost all cells 





■sent (rum alrnost all cell 

BEBiaSggBjg 

■* fcSf a 1 Mi _ . 





i of o^ouMe-sirsndeo hwa cssrreSf^i^jr 
roes-3 on Icveb) of the endogenous mRN Afw A showo b\ 
~IG. 3. panels A-O)^ 



situ bybridisauon to embryos (FIG. 3. 
1262 oi mex-3 cUNA clone- 0 was 



m7 

divided into two 

segments, me*. 3 A and mcxJR with a short (323 nl) overlap. 
Similar reauUs wens obtained in csperiments with no overlap 
between inhibiting and probe segments. mcx-3B anii 
of scmi-syrscbronous oohorui in os or dsRNA was injected into the gonads of adull an 



which ii waa straighi forward to identify pbcnoiypac differ- 
ences, A characteristic temporal pattern of pbeoorype sever- 



which 
24 



hours be; 



worn 

job and 



in situ hybridization (see 
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of StaiojS 



Reference 5). The max-3B daRNA produced 100% embry- 
onic a/real, white >MO% uf c rwtaryo a from the irunera* 
iajewitoos hatched. Aatiaeaa e prates oorrcapondiog hj eaea> 
3Awcfo uwj to Mgw Jinribopoe of the cndcsjconaa mca-3 

nflNA (33 SSflT FOUl^Ccn MAM tmt»roffi WW MJUVtf fc 

similar ****** were otn a ved fan t he 1 to 6 ceg Mite >n rf 
iq ihc tfcfmlixnc of injected adulw rhc ocastive < 
■SES5 of BfonSSSEa praBsTsn owed e lack 
(HO, JA% Embryos from uoinjacud psreosj 
normal pattern of eadresreosui i*es>3 RNA (HO. JR). 11m 
observed pattern of oocx-3 KNAwa n prcvk ma ly described 
to Reference 2ft. (ejection of purified raciOB 
RNA produced it most s modes* effect: lbs resulting 
cmbiyos retained cnex-3 oiRNA. although levels may daw 
bees somewhat km dua wife! rype (fIG. 3C% to 
bbsb -3 RNA was datacard In 



«»raieg*eJasj)« consul the T7p 

exprmmakm of sa fi mrtccMie^licauoa for a .wgrneai of the] VSV 
target prae, cither uoc-22 or gfp. Thai 
effective. ) 




ai approximately 50 /an io 



•^irv.t^Ounc-UA ANA iVas 
A^nructwra and oorsBBo a rado o 
_FIO. 4f Purified lotiaeoss aod aenee RNA from uoc22A 
were injected individually or as aa 
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TABLE 1 -continued 



EITttm of an 

Rfrtf m grvwT irf toad *ff>wfr» 

SUa tajoctod MCA Fl ftaaetas* 




■ i 



• « 57* mm wtM l*p» (t0O») 



IBIS i 

mm ♦ cotWw «U iyp« (100*| 



iaucal ♦ .omim waaiyp»(100») 

i«ma J .1*6 «n ♦ utbcmw wit* type (1009* 



Mil A c«m t-* tOU -t« wxkj tvp. (<2* Ity*!* 

-*l typ- <«J» Ipr^PT) 

MktS CM* t-2 4J8 WM ♦ MttttMS I py 4 pf t«vae frsP»f 

btklC — 4~* JW mom * •ot»»M tpr*VT Xrvw <»aO»f 

bfklD .'ohm I o97 woo* * iniiw— wffcl lypi 

myo-i 4tm* GFP (measeo*/ aiifcn g 



CM 12.14 

ipO cum Z-6 

cZL cm 12-14 




Legend of Tabae I 

each UNA was injected ie*o 6-10 adult hermaphrodite* 
(0.5-1 x I O* molecules into each gonad arraX Altar 4-6 hours 
(to clear pre -fertilised fmm the uterus) injected animals 
were i m referred and cmj* defected fi» 20-Z2 hours. Prog- 
eny phenol ype* were soured upuo hatching and subse- 
quently al 12-24 hour interval*. 

a: lb ithtain a <«;nii -quantitative asneamcaa of the reta- 
ikwwhap between HNA doss and p he not y pic response, are 
injected each unc22A RNA preparation at a series of differ- 
ent concentration*. At the highest doss tested (.1.6x1(1* 
molecules per gonad}, the individual sense and anttacnae 
unc22A preparations produced some visible twitching (1% 
and 11% of pro g eny respectively). Comparable doses of 
d*-unc22A RNA produced visible twitching to all progeny, 
while a 120-fold lower dose of da>unc22A RNA produced 
visible twitching in 30% of progeny. 

b: uoc22C a bo carries the intervening imrao (43 at). 

c-. fenil A sho cjgries a portion (131 art «f intmn 10. 

d: AnTmaE in the fifst affected broocsTl^/j*tt 4—24 hours 
a Oct injection) showed movement defects indiatinguiababte 
faint those of null mutants in unc-34. A variable fraction of 
these animals (25-75%) failed to lay eggs (another phcoo- 
type of unc-54 null mutants), while the remainder of the 
paralyzed animals were egg-laying post live. This may indi- 



cate partial inherit ion of unc-54 activity in valval muscles. 
Ai Animals from later broods frcouently eatubil a distinct 
partial loss-of-Aincuoo p be no type, with coniractdiry in a 
subset of body waU muscles. 

e: Pbeno types of hJb-1 inrtabuory RNA include arrested 
enthryns and partially elongated LI larvae (the hlh-1 null 
pbenotype) seen in virtually all progeny fmm injection of 
davhlhlA and about half of the affected animals tram 
ds-hlhlB and ds-tUb IC) and a set of less sevens defects (seen 
with the remainder of the animals from ds-hthIB and 
da-hlhlCV The less severe pbeno types am characteristic of 
partial loss of function for hlb-1. 

f: The host foe these injections. PD42S1. expresses both 
a mitochondrial GFP and nuclear UFP-LscZ: This allows 
simultaneous assay for inhibition of gfp (loss of all 
fluoresce nee) and IscZ (loss of nuclear (hioresccnce). The 
table describes scoring of animals as LI larvae. ds-gfpG 
caused a loss of GFP in all but 0-3 of the 85 body muscles 
as in these larvae. As these a nir"^h> mature to adults. GFP 
activity was seco in 0-5 additional bndywall muscles and in 
the eight vulval muscles. 
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TABLE 3 



C. Hf§tm «• rvipee* ia • g»a 



Wmle tb» preecel invention has bcco descried ia coo- 
occbdo with whet is presently considered to be gostijiLjad (f^p C 3 
preferred embodiments, if a understood that IbdVovcSioaS 
nal hi he limited or restricted to the dnckmcd cmbudtocati 
but, oo the contrary, «* mtanded to cow varua nwdifica- 




BL21(DU) 
BL3J(C£J> 



0* 



4J» faoato 



«i* f*Ui GPP 

«l» Uim OFT 



<l* fM Off 



TABLE 4 



t m ■ nhPSm ™itw*e, «%HKt>. ™ 



poe-l Eakfreeie MM (mmOm to tow of pa»-i haauaa) 

«p. J s*o«w*S body (Oe*) to pwtfal taw of ««a-J AiwShm) 



to Table 2)geoad inje c tions were earned out into the GIT 
reporter «n in PD425 1 . which ean c s fl uuat 
CiPP aad nuclear GFPLacZ. This a Ik 



. of the appended t 
Thus k m to be uodantood 
invention will he tibvious to thane skilled in the art without 
Z3 departing fimm tha novel expects of the preaent invention 
ureJmch variation* arc intended to goom wit hio the swupe of 
the prcaeai tnvcnlioo. 
we claim: 

1 A method *o inhfctl eapigaalno of a target sens in a cell 
M {in vrtiniAimpaamE inlmdactton of a ribonucleic acid IKNAl 

inn lbs cell in ao amount suffictcm t o inhroit vxvnamua of ff« , 
iba Urgcl gene, wherein the KNA(g^ ooublc 4 trended^ ^ 
/molecule wiib a first strand ourauaung t»acotialty of a 
ribonucleotide se qu en ce which corresponds to e audaoiide 
■sequence of the target gene and a second attend coraustmg 
essentially of a ribooucieoiida erqutnee which is compts- Jffjk 
mcntary to the narkoridn aequeoce of the target geon, *<5^ 
wherein the Aim and the second noooucfeoifde strands are 
separate cnmplcmeoury strands thai hybridise to each other 
to form said double -attended nsoeccaie, and the double- 
attended molecule inhmita caprcaanm of the target ^od. J 
2. The method of claim 1 in which the target gene is a 



ay of infamition with gfp (famtee overall Ouceesccncc* e JlTL^S ofdMiali * **** «" ««• « « 

lecZ(lne»of mickar rbjorcsccnceX and enc-22 < twitching). ^SS^*SS*of i i_ ^ ,s. . - 

Body cavity in joctioaa were earned out into the tail region. 49 , ^J"* mclbod of cUxm 1 ■ wtacfc *■ Uf «* t * • 
K9 minimtir accidantel inject km of the gonad; eouivaleai . _ . . . . . , 

results have been urnerved wub wjaxuwm into the areerior 3. The ojetfaodof cUan 1 m wfaurh dee target gene is a vual 

rcgioo of ihe body cavity. An equivalent set of injectioa* wm geoe- 

ifcso performed itto a single gonad arm. For all sites of *• The method of claim 1 in which the evil as from aa 

m taction, ihe e nitre progeny brood showed phenotypes 50 arum **- 

idenhcal to those Jeacrtbod in Tabes I . This included prog. * The method of claim I in which the eel is from a plant, 

eny produced from both injected and unirrjerred gonad arms. & The method of claim 6 in which the cell is from aa 

Injected animals were scored three days after recovery aad invertebrate animal 

iUUTwedsofiurwhel lem dramatic pberMtfypc* than their prog- The method of claim » in which the cell is from a 

cny. This could in part be due to the rjersistence of product* nentaiode. . 
already preaent in the injected adult. After ds-uoc22B 10 The method of claim 1 in which iftei 

mjecdon, a fraction of the injected aoimab twitch weakly otide • et P» c o« I oomprisesat kast 23 bases J 

under standard gmwih conditions (10 out of 21 a aim els). 10 ,Qe Ltrget gene end the second ribonucleotide sequence fi*3> 
Uvamisote treatment led 10 twitching of 100% (21/21) of comprises at least 2S bases which arc complementary eo the 
these aoimahk Similar effects were seen with ds-unc22A. nucleotide sequence of the target gene J 
Injections of ds-glptj or ds-lac2X produced a dramatic 40 U. The method of daim 1 in wh*eb the target geaa 
decrease (but not elimination) of ihe cttrresmnndirtg CiFP «»0«BsioB^ta^U>Ucd ^y at least 10%. 
reporters. In some cases, isolated cells or parts uf animals f 
retained strong GFP activity. These were most frequently 

seen in the anterior rcgioo and around the veJva. Injccdons I ta; provwsing an invenenrake orgamsm containing a target 
uf uVgfpO and ds-lacZL produced no rwuchia*. while at cell, wherein the target cell contains ibe target gcoe and 
injections of d*-uac22A produced no change in GKP ftuo- | the tsrget cell is snsccptiMe to KNA interference, and 
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of (be large! gene, 
ribaixociomidc scqui 
ntmry strenda tbmi hybridise to 



(h) contacting Mid invertebrate organism wjih « riho- 
eucleic acid (RNAX wherein the RNA a a doubts- 
*i rinded molecule with a fim Mr and consisting cawo* 
□ally of a ribonucleotide sequence which corresponds 
>o a nacJeotide aequeoce of the target gcoe end a aecood 
strand consisting csscoUiHy of a ribonucleotide 
acqoenoa which m 



each other In form the 



(c) tot inducing (he RNA into the target cell, thereby 
in tub ji tog expression of the target gene. 

13. The method of daim 12 is which the organism ia a 
nematode. 

14. 11m method of claim 13 in which a forma tattoo 
comprised of the RNA is applied oa or adjacent to a plant, 
and duejaan iseociaicd wiib ncosstade iofcetion of the plant 
ia thereby redu ced ) 

15. The method of daim 12 ia which said double-stranded 
ribonucleic acid structure ia ai leaai 23 baaas in length and 
each of ma nbgnecleic acid strands ia ante to specifically 
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hybrid in to a' deoxyribonucleic acid strand of the target 
gene over (he it treat 23 baaas. 

Is. The method of daim 12 ia which the expression or ths 
largel gens is inhibited by u tensi t0%. 

17. The method of claim 12 in wnfcb the RNA ia intro- 
duced within a body cavity of the organism and outside the 
urgat cell. 

It. The method of claim 12 in which the RNA is intro- 
duced by extracellular injection into the organism. 

It. The method of claim 12 in which the organism is 
contacted with ths RNA by feeding the organism fond 
containing the RNA 

29. The method of claim If is which the fond ccenprises 
a gecetanlly-cngtnccred boat transcribing the RNA. 

21. The method of daim 12 in which at leant one strand 
of the RNA ta p i ed u c ed by transcription of an expression 
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Differences Between U.S. Patent: No. 6,506,559 Bl , issued 
January 14, 2003 ("Fire et al . Patent") and U.S. Provisional 
Application No. 60/068,562, filed December 23, 1997 
("Fire et al. Provisional") 

• ( ) indicates text which appears only in Fire et al . 
Patent 

• [ ] indicates text which appears only in Fire et al . 
Provisional 

• In Provisional is xx . . . " indicates text found in both Fire 
et al. Patent and Fire et al . Provisional, but with changes 
in Fire et al . Patent. 

• { } gives more specific location of the text in the 
Provisional, where the text in the Fire et al. Patent does 
not follow the same order as the Fire et al.. Provisional. 



1. In Provisional is " : " 

2. In Provisional is 

3. Provisional only 

t, presented in the literature over the last few 
month, ] 

4. In Provisional is " . However" 

5. Patent only 

(been used to) 

6. In Provisional is "inhibited" 
7 . Patent only 

(The extreme . . . formation) 

8. Provisional only 

[These distinctions ] 

9. Provisional only 

[and non- replicating] 

10. Provisional only 

[The process may be practice ex vivo or in vivo.] 



Differences Between Fire et al . Patent and Fire et al . 

Provisional 

Page 2 of 23 



11. Provisional only 

[(i.e., a cellular gene)] 

12. Provisional only 

[(i.e., a cellular gene present in the genome)] 

13. Provisional only 

[(i.e., a gene construct inserted at an ectopic site in 
the genome of the cell) ] 

14. Provisional only 

[viral ] 

15. Patent only 

(of a pathogen) 

16. Provisional only 

[(e.g., at least 10%, 20%, 50%, 75%, 90%, or 95% of 
targeted cells) ] 

17. Provisional only 

[target gene transcription, ] 

18. Provisional only 

[, ] 

19. In Provisional is "multiple" 

20. Provisional only 

[Fully duplex RNA lacks an unpaired region with single- 
stranded structure. ] 

21. Provisional only 

[(e.g., at least 5, 10, 100, or 1000 copies per cell)] 

22. In Provisional is "are" 

23. Provisional only 

[ (see Gribskov and Devereux, Sequence Analysis Primer, 
Stockton Press, 1991, and references cited therein)] 
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Provisional 
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Fire et al . Patent and Fire et al . 



24. Provisional only 

[Greater than 90% sequence identity, or even 100% 
sequence identity, between the inhibitory RNA and 
target gene is preferred for the identical nucleotide 
sequences . ] 

25. Provisional only 

[(e.g., 400 mM NaCl, 40 mM PIPES pH 6.4, 1 mM EDTA, 
50°C or 70°C for 12-16 hr) . The length of the 

identical nucleotide sequences may be at least 25, 50, 
100, 200 or 400 nucleotides] 

26. Patent only 

(protozoan . . . or) 

27. Provisional only 

[or yeast] 

28. In Provisional is "vector" 

29. Provisional only 

[(e.g., promoter, enhancer, silencer)] 

30. In Provisional is "is" 

31. In Provisional is "or" 

32. Patent only 

(, introduced . . . affected) 

33. In Provisional is "are preferred such as" 

34. Patent only 

(directly) 

35. In Provisional is "of a solution containing the RNA." 

36. Patent only 

(present) 

37. In Provisional is "that is" 

38. In Provisional is "The present" 

39. In Provisional is "the present" 



Differences Between Fire et al . Patent and Fire et al . 

Provisional 

Page 4 of 23 

40. In Provisional is "The noted disadvantages" 

41. Patent only 

(the) 

42. Provisional only 

[These genes were chosen based on: (1) a defined 
molecular structure, (2) classical genetic data showing 
the nature of the null phenotype . Each segment tested 
for RNAi is designated with the name of the gene 
followed by a single letter (e.g., unc22C) . Segments 
derived from genomic DNA are shown above the gene, 
segments derived from cDNA are shown below the gene. 
The consequences of injecting double-stranded RNA 
segments for each of these genes is described' in Table 
1. dsRNA sequences from the coding region of each gene 
produced a phenotype resembling the null phenotype for 
that gene . ] 

43. In Provisional is "H" 

44. In Provisional is " : " 

45. Provisional only 

[, both expressed in body muscle. The fluorescent 
nature of these reporter proteins allowed us to examine 
individual cells under the fluorescence microscope to 
determine the extent and generality of the observed 
inhibition of gene expression] 

46. Patent only 

(visualized . . . microscope) 

47. Provisional only 

[These GFP patterns appear identical to the parent 
strain, with prominent fluorescence in nuclei (the 
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Provisional 

Page 5 of 23 

nuclear localized GFP-LacZ) and mitochondria (the 
mitochondrially targeted GFP) . ] 

48 . Provisional only 

[Observable GFP fluorescence is completely absent in 
over 95% of cells. Only a single active cell is seen 
in the larva in panel D, while the adult animal in 
panel E shows staining in none of the striated body 
wall muscles. Inhibition is not effective in all 
tissues: the entire vulval musculature expresses active 
GFP in the adult animal shown in panel E. Panel F 
shows two rare GFP positive cells in an adult. Both 
cells express both nuclear-targeted GFP-LacZ and 
mitochondrial GFP . ] 

49. In Provisional is " : animals" 

50. Provisional only 

[In the animals derived from this injection, 
mitochondrial-targeted GFP appears unaffected while the 
nuclear-targeted GFP-LacZ is absent from almost all 
cells (e.g. larva in panel G) . ] 

51. Patent only 

( (dark stain) ) 

52. Provisional only 

[The 1262 nt mex-3 cDNA clone 20 was divided into two 
segments, mex-3A and mex-3B with a short (325 nt) 
overlap. Similar results were obtained in experiments 
with no overlap between inhibiting and probe segments. 
mex-3B antisense or dsRNA was injected into the gonads 
of adult animals, which were fed for 24 hours before 
fixation and in situ hybridization (see reference 5) . 
The mex-3B dsRNA produced 100% embryonic arrest, while 
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>90% of embryos from the antisense injections hatched. 
Antisense probes corresponding to mex-3A were used to 
assay distribution of the endogenous mex-3 mRNA (dark 
stain) . Four-cell stage embryos are shown; similar 
results were observed from the 1 to 8 cell stage and in 
the germline of injected adults.] 

53. In Provisional is "The scale is such that" 

54 . Provisional only 

[Purified antisense and sense RNA from unc22A were 
injected individually or as an annealed mixture. 
"Control" was an unrelated dsRNA (gfpG) . Injected 
animals were transferred to fresh culture plates 6, 15, 
21, 41 and 56 hours after injection. Progeny grown to 
adulthood were scored for movement in their growth 
environment, then examined in 0.5 mM levamisole. ] 

55. Provisional only 

[in the graph] 

56. Patent only 

(Progeny ... 56 hours The) 

57. Provisional only 

[ : ] 

58. In Provisional is "showing" 

59. Patent only 

(FIGs. 5A-C . . . gfp.) 

60. In Provisional is "DESCRIPTION OF PREFERRED EMBODIMENTS" 

61. Patent only 

(producing) 
62 . Patent only 

(by introducing) 
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63. Provisional only 

[with] 

64. Provisional only 

[fl] , i.e. a paragraph break 

65. Patent only, but see Provisional {page 5, line 28 to page 6, 
line 12} 

65.1. Provisional only 

[or into the extracellular environment] 
{page 6, line 1} 

65.2. Provisional only 

[The process may be practiced ex vivo or 
in vivo.] {page 6, line 3} 

65.3. In Provisional is "viral gene which is present 
in the cell after infection thereof." {page 6, 
line 8-9} 

65.4. In Provisional is "the procedure 7 ' {page 6, 
line 10} 

66. Provisional only , 

[Sequence] 

67. Patent only 

(nuclease protection, ) 

68. Patent only 

(gene . . . microarray, ) 

69. Patent only 

( (ELISA) ) 

70. Patent only 

( (RIA) , other immunoassays) 

71. Patent only 

( (FACS) ) 
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72. Patent only 

(acetohydroxyacid synthase (AH AS ) , ) 

73. Patent only 

( (AP) ) 

74. Patent only 

( (GUS) ) 

75. Patent only 

( (CAT ) ) 

76. Patent only 

(horseradish peroxidase (HRP) ) 

77. Patent only 

((Luc), . . . (OCS),) 

78. In Provisional is "or" 

79. Patent only 

(Multiple . . . tetracyclin . ) 

80. Patent only 

(as compared . . . invention) 

81. Patent only, but see Provisional {page 6, line 12 to page 
7, line 9} 

81.1. Provisional only 

[target gene transcription] {page 6, lines 
15-16) 

81.2. Patent only 

(As an example . . . region.) 

81.3. In Provisional is "; it" {page 6, line 17} 

81.4. Patent only 

(For example . . . synthesis.) 

81.5. In Provisional is "multiple" {page 6, line 20} 



Differences Between 

Provisional 

Page 9 of 23 



Fire et al . Patent and Fire et al . 



81.6. Provisional only 

[Fully duplex RNA lacks an unpaired region 
with single stranded structure.] {page 6, 
lines 20 - 21} 

81.7. Patent only 

(500) 

81.8. Patent only 

(; lower . . . applications) 

81.9. Patent only 

(sequence comparison and) 

81.10. Patent only 

(by, for example, . . . Group).) 

81.11. Patent only 

(the portion of) 

81.12. Provisional only 

[for the identical nucleotide sequences] 
{page 7, line 4} 

81.13. Patent only 

(hybridization) 

81.14. Patent only 

(; followed by washing) 

81.15. Patent only 

(300) 

82. Patent only 

(As disclose . . . divergence.) 

83. Patent only 

(protozoan . . . or) 

84. Provisional only 

[or yeast] 
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Fire et al. Patent and Fire et al . 



85. Patent only 

(Preferred . . . morphologies.) 

86. Patent only 

(; field . . . bean) 

87. Patent only 

(cotton . . . sorghum) 

88. Patent only 

(sunflower, ) 

89. Patent only 

(; vegetable . . . carrot, ) 

90. Patent only 

(celery . . . pepper, ) 

91. Patent only 

(pumpkin . . . juniper;) 

92. Patent only 

(palm, poplar, ) 

93. Patent only 

(redwood . . . and) 

94. In Provisional is "cow" 

95. Patent only 

(sheep) 

96. Patent only 

(Representative . . . Homoptera.) 

97. In Provisional is "That" 

98. Patent only 

(having the target gene) 

99. Patent only, but see Provisional {page 7, line 11 to page 7 
line 15} 

99.1. In Provisional is "vector" {page 7, line 14} 
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99.2. 



Patent only 
(, splice 



99.3. 



In Provisional is 



polyadenylation) 
is" {page 7, line 15} 



100. 

101 . 

102. 

103. 

104 . 
105. 
106. 

107 . 

108. 

109. 

110. 
Ill . 
112. 

113. 



Patent only 

(Inhibition . . . apparatus.) 
Patent only 

(or enzymatically) 
Patent only 

(a cellular) 
Provisional only 

[of the cell] 
In Provisional is "construction" 
In Provisional is "vector" 
Patent only 

^32, 33, 34 j 

Provisional only 

[Goeddel, Gene Expression Technology, Academic Press, 

1990; Kreigler, Gene Transfer and Expression, Stockton 

Press, 1990; Murray, Gene Transfer and Expression 

Protocols, Humana Press, 1991;] 
Patent only 

(also) 
Patent only 

(U.S. Pat. . . . 5,804,693;) 
In Provisional is "Preferably" 
In Provisional is "is" 
Patent only 

(and/or . . . strands) 
Provisional only 

[The] 
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114. In Provisional is "introduced directly" 

115. Patent only 

(introduced) 

116. Patent only 

(into) 

117. Provisional only 

[Examples of extracellular spaces into which the RNA 
may be introduced include] 

118. In Provisional is "or" 

119. Patent only 

(introduced orally . . . may also be used.) 

120. Patent only 

(the roots, ) 

121. Patent only 

(the) 

122. Patent only 

(A transgenic . . . organism.) 

123. In Provisional is "are preferred such as for example," 

124. In Provisional is "with" 

125. In Provisional is "vector" 

126. In Provisional is "vector" 

127. In Provisional is "vector" 

128. Patent only 

(Other methods . . . target gene.) 

129. Patent only 

(a cell . . . introduced into) 

130. Patent only 

(carcinogenic/tumorigenic) 

131. Patent only 

(or maintenance) 
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132. Patent only 

(Treatment . . . envisioned.) 

133. Patent only 

(or transformed . . . in C. elegans) 

134. In Provisional is "is" 

135. Provisional only 

[SI] , i.e. a paragraph break 

136. In Provisional is "can be used" 

137. In Provisional is "are" 

138. In Provisional is "For instance," 

139. Patent only 

(RNA-mediated mechanism was) 

140. Patent only 

(RNAi) 

141. In Provisional is "has" 

142. In Provisional is "In particular" 

143. In Provisional is "co-suppression" 

144. Patent only 

(crude ) 

145. In Provisional is "We" 

146. Provisional only 

[ (see Figure 4 ) ] 

147. In Provisional is "interference" 

148. Patent only 

(While . . . activity) 

149. In Provisional is "interfering" 

150. In Provisional is "We" 

151. Provisional only 

[the] 
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152. Patent only 

(of these crude preparations) 

153. Provisional only 

[below] 

154. In Provisional is "and that this subpopulation was" 

155. Provisional only 

[We disclose that the non-purified RNA populations 
that were effective in inhibition assays herein 
include some molecules with double-stranded 
character . ] 

156. In Provisional is "we" 

157. Patent only 

(Analysis . . . Genes) 

158. Patent only, but see Provisional {page 17, line 3 to page 
20, line 23} 

158.1. In Provisional is "interference" {page 17, line 
11} 

158.2. In Provisional is "Table 1" {page 17, line 12} 

158.3. In Provisional is "-" {page 17, line 12} 

158.4. In Provisional is "-" {page 17, line 15} 

158.5. In Provisional is "-" {page 17, line 19} 

158.6. In Provisional is "our" {page 18, line 3} 

158.7. In Provisional is "-" {page 18, line 3} 

158.8. In Provisional is "We found this not" {page 18, 
line 4} 

158.9. Provisional only 

[We] {page 18, line 6} 

158.10. Patent only 

(was) 
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158.11. In Provisional is "interference" {page 18, 
line 7} 

158.12. In Provisional is "interference" {page 18, 
line 10} 

158.13. Provisional only 

[we have only observed] {page 18, line 10} 

158.14. In Provisional is '"interference" {page 18, 
line 10} 

158.15. Patent only 

(was observed only) 

158.16. Provisional only 

[We assessed] {page 18, line 14} 

158.17. In Provisional is "interfere with" {page 18, 
line 26} 

158.18. Patent only 

(the) 

158.19. Provisional only 

[we used] {page 19, line 5} 

158.20. Patent only 

(was used) 

158.21. In Provisional is "we" {page 19, line 11} 

158.22. Provisional only 

[we saw] {page 19, line 17} 

158.23. Patent only 

(was noted) 

158.24. Provisional only 

[we found that] {page 20, line 3} 

158.25. In Provisional is "produces" {page 20, line 3} 

158.26. Provisional only 

[we targeted] {page 20, line 4} 
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158 .27 . Patent only 

(was targeted) 

158.28. Provisional only 

t 5 ] {page 20, line 6} 

158.29. In Provisional is ". In contrast," {page 20, 
line 7} 

158.30. In Provisional is "D" {page 20, line 9} 

158.31. Patent only 

(Table 3 . . . 1998.) 

158.32. In Provisional is "we" {page 20, line 22} 

158.33. Provisional only 

[one case] {page 20, line 22} 

158.34. Provisional only 

[This would not be a consideration for a 
target gene present in a single copy in 
the genome.] {page 20, lines 23-24} 

159. Patent only 

(of) 

160. In Provisional is "interference" 

161. In Provisional is "interference" 

162. Patent only 

(Following . . . structure, ) 

163. In Provisional is V" 

164. In Provisional is "RNA" 

165. Patent only 

(Methods for) 

166. Patent only 

(Additional Description of the Results) 

167. Patent only, but see Provisional {page 8, line 10 to page 
10, line 12} 
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167.1. Patent only 

(sequence . . . follows:) 

167.2. In Provisional is "RNAi" {page 8, line 15} 

167.3. In Provisional is "Figure 2A-H show analysis" 
{page 8, line 21} 

167.4. Patent only 

(were analyzed) 

167.5. Provisional only 

[effects] {page 8, line 21} 

167.6. Patent only 

( (FIG. 2, panels A-H) ) 

167.7. Patent only 

(ds-unc22A . . . affected. ) 

167.8. Provisional only 

[The micrographs show progeny of injected 
animals. Panel A (young larva) , B 

(adult) , and C (adult body wall; high 
magnification) result from injection of a 
control RNA (ds-unc22A) . ] {page 8, lines 
26-28 } 

167.9. In Provisional is "These" {page 8, line 28} 

167.10. Patent only 

(of the progeny) 

167.11. In Provisional is "appear" {page 8, line 28} 

167.12. Patent only 

(: young larva . . .(FIG. 2C) . ) 

167.13. Patent only 

(In contrast, the) 

167.14. Provisional only 

[Panels D-F show] {page 9, line 1} 
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167.15. Patent only 

(RNA . . . (FIGS . 2D-F) . ) 

167.16. Patent only 

(Few . . . muscle cells) .) 

167.17. Provisional only 

[Only a single active cell is seen in the 
larva in panel D, while the adult animal 
in panel E shows staining in none of the 
striated body wall muscles.] {page 9, 
lines 3-4} 

167.18. In Provisional is "is" {page 9, line 4} 

167.19. In Provisional is "expresses" {page 9, line 5} 

167.20. In Provisional is "shown in panel E . " {page 9, 
line 6} 

167.21. Provisional only 

[Panel F shows two] {page 9, line 6} 

167.22. Patent only 

(were also seen) 

167.23. In Provisional is "in an" {page 9, line 6} 

167.24. Patent only 

(animals . . . FIG 2F) . ) 

167.25. In Provisional is "Panels G-I demonstrate 
specificity:" {page 9, line 7} 

167.26. In Provisional is "are" {page 9, line 8} 

167.27. In Provisional is "is" {page 9, line 11} 

167.28. Provisional only 

[e.g.,] {page 9, line 11} 
167.29.. In Provisional is "Panel H shows a typical 
adult, with" {page 9, line 11} 
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167.30. Provisional only 

[lacking] {page 9, line 12} 

167.31. Patent only 

(activity) 

167.32. Patent only 

((FIG. 2H) ) 

167.33. Patent only 

(in FIG. 2) 

167.34. Provisional only 

[Figures 3 A-D show] {page 9, line 14} 

167.35. Patent only 

(The) 

167.36. Patent only 

(was show . . . panels A-D) . ) 

167.37. Provisional only 

[Micrographs show in situ hybridization to 
embryos.] {page 9, line 15} 

167.38. In Provisional is "fed" {page 9, line 19} 

167.39. In Provisional is "are shown;" {page 9, line 
23} 

167.40. In Provisional is "Panel A: Negative control 
showing lack of staining in the absence of 
hybridization probe. Panel B: Embryo from 
uninjected parent (normal pattern of 
endogenous mex-3 RNA 20 ) . Panel C: Embryo from 
a parent injected with purified mex-3B 
antisense RNA. These embryos and the parent 
animals retain the mex-3 mRNA, although levels 
may have been somewhat less than wild type. 
Panel D: Embryo from a parent injected with 
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dsRNA corresponding to mex-3B; no mex-3 RNA 
was detected." {page 9 line 14 - page 10, line 
1} 

167.41. Patent only 

(of FIG. 3) 

167.42. In Provisional is "Figure 4 shows" {page 10, 
line 3} 

167.43. In Provisional is "of" {page 10, line 3} 

167 . 44 . Patent only 

(was measured) 

167.45. Patent only 

(RNA) 

167.46. Patent only 

((FIG. 4)) 

167.47. In Provisional is "6, 15, 27, 41, and 56 
hours" ' {page 10, line 6} 

167.48. Patent only 

(The) 

167.49. Provisional only 

[:] {page 10, line 10} 

167.50. In Provisional is "showing" {page 10, line 10} 

167.51. Patent only 

(the) 

168. Patent only 

(FIG. 5A-C . . . effective.) 

169. Patent only, but see Provisional {page 20, line 25 to page 
20, line 25} 

169.1. Patent only 

(references (e.g.,) 
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169.2. Patent only 

(application, ) 

169.3. Patent only 

(indicative . . . disclosures are) 

170. In provisional is "Reference" 

171. In Provisional is "Karn" 

172. Patent only 

(28 . . . 1991.) 

173. In Provisional is "layed" {page 24, line 10} 

174. Patent only 

(In Table 2, ) 

175. Provisional only 

[present] {page 26, line 22} 

176. Patent only 

(New Table 3 added) 

177. Patent only 

(in vitro) 

178. In Provisional is "has" {page 27, line 5} 

179. Provisional only 

[structure with an identical nucleotide sequence as 
compared to a portion of the target gene.] {page 27, 
lines 5-6} 

180. Patent only 

(molecule . . . target gene.) 

181. Provisional only 

[identical nucleotide sequence is at least 50 
nucleotides in length.] {page 27, lines 24-25} 

182. Patent only 

(first ribonucleotide . . . target gene.) 
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183. In Provisional is 

"12. The method of claim 1 in which the cell is 
present in an organism and inhibition of target 
gene expression demonstrates a loss-of function 
phenot'ype . 

13. The method of any one of claims 1-12 in which 
the RNA has one self-complementary strand. 

14. The method of any one of claims 1-12 in which 
the RNA has two separate complementary strands. 

15. The method of claim 14 further comprising 
synthesis of the two complementary strands and 
initiation of RNA duplex formation outside the 
cell. 

16. The method of claim 14 further comprising 
synthesis of the two complementary strands and 
initiation of RNA duplex formation inside the 
cell . 

17. The method of any one of claims 1-12 in which 
the RNA has no single stranded structure. 

18. The method of any one of claims 1-12 in which 
the RNA is introduced within the body cavity of 
an animal and outside the cell. 

19. The method of any one of claims 1-12 in which 
the RNA is introduced by extracellular injection 
into a body cavity of an organism. 

20. The method of any one of claims 1-12 in which an 
expression vector in a cell produces the RNA." 
{page 28, lines 1-26} 
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184. Patent only 

(Labels "FIG . 2", "CONTROL RNA (ds-unc22a) ", "ds-gfpG 

RNA", "ds-laxZL RNA" , "Ll" and "ADULT" are added to 
the graphs in Figure 2) 

185. Patent only 

(Label "FIG. 3" is added to the caption for each graph 
in Figure 3) 

186. Patent only 

(Labels "FIG. 4A" and "FIG. 4B" are added) 

187. Provisional only 

[Section labeled "Progeny Cohort Group"] 

188. Patent only 

(New Figure 5 added) 



